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On the Origin of Solar Magnetic Fields. D. Layzer, R. Rosner, 
and H. T. Doyle. 229, 1126, 45-F1 (1979) 

Wave Propagation in a Magnetic Flux Sheath in the Presence 
of a Velocity Field. P. R. Wilson. 230, 194, 50-B1 (1979) 
The Angular Momentum Problem and Magnetic Braking: An 
Exact, Time-dependent Solution. Telemachos Ch. 
Mouschovias and Efthimios V. Paleologou. 230, 204, 50-B11 

(1979) 

Particle Reacceleration in Radio Galaxies. Jean A. Eilek. 230, 
373, 52-G4 (1979) 

Sunspots and the Physics of Magnetic Flux Tubes. I. The 
General Nature of the Sunspot. E. N. Parker. 230, 905, 
60-A8 (1979) 

Sunspots and the Physics of Magnetic Flux Tubes. II. 
Aerodynamic Drag. E. N. Parker. 230, 914, 60-B3 (1979) 
Sunspots and the Physics of Magnetic Flux Tubes. III. 
Aerodynamic Lift. E. N. Parker. 231, 250, 65-F2 (1979) 
Sunspots and the Physics of Magnetic Flux Tubes. IV. 
Aerodynamic Lift on a Thin Cylinder in Convective Flows. 

Kanaris C. Tsinganos. 231, 260, 65-F 12 (1979) 

Sunspots and the Physics of Magnetic Flux Tubes. V. Mutual 
Hydrodynamic Forces between Neighboring Tubes. E. N. 
Parker. 231, 270, 65-G8 (1979) 

Stimulated Linear Acceleration Bremsstrahlung. Norman M. 
Kroll and Wayne A. McMullin. 231, 425, 68-E3 (1979) 

Pair Formation above Pulsar Polar Caps: Structure of the Low 
Altitude Acceleration Zone. Jonathan Arons and Ernst T. 
Scharlemann. 231, 854, 74-B11 (1979) 

Non-Force-free Solar Magnetic Fields in Magnetohydrostatic 
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Equilibrium. R. H. Comfort, E. Tandberg-Hanssen, and S. 

T. Wu. 231, 927, 75-A4 (1979) 

Accretion by Rotating Magnetic Neutron Stars. I]. Radial and 
Vertical Strcture of the Transition Zone in Disk Accretion. 
P. Ghosh and F. K. Lamb. 232, 259, 79-F7 (1979) 

Sunspots and the Physics of Magnetic Flux Tubes. VI. 
Convective Propulsion. E. N. Parker. 232, 282, 80-A6 (1979) 

Sunspots and the Physics of Magnetic Flux Tubes. VII. Heat 
Flow in a Convective Downdraft. E. N. Parker. 232, 291, 
80-B1 (1979) 

On the Continuum Diagnostics of Photospheric Faculae. B. 
Caccin and G. Severino. 232, 297, 80-B7 (1979) 

A Model for Quiescent Solar Prominences. A. M. Milne, E. R. 
Priest, and B. Roberts . 232, 304, 80-C2 (1979) 

The Energetics of Resistive Magnetic Tearing. Gerard Van 
Hoven. 232, 572, 84-E12 (1979) 

Confinement of Hot, Hard X-Ray Producing Electrons in Solar 
Flares. Dean F. Smith and Carl G. Lilliequist. 232, 582, 
84-F8 (1979) 

An Interpretation of the Polarization Structure of Microwave 
Bursts. Mukul R. Kundu and Loukas Vlahos. 232, 595, 
84-G7 (1979) 

The Role of Turbulent Heating in the Solar Atmosphere. 
Satoshi Hinata. 232, 915, 89-G4 (1979) 

Hydromagnetic Waves in High 8 Plasmas. E. A. Foote and R. 
M. Kulsrud. 233, 302, 95-C4 (1979) 

Stochastic Acceleration of Solar Flare Protons. D. D. 
Barbosa. 233, 383, 96-B2 (1979) 

Long-Term Changes in Pulsar Periods and the Plasma in 
Neutron Star Interiors. Jan Easson. 233, 711, 100-D10 (1979) 

Coliective Plasma Effects Associated with the Continuous 
Injection Model of Solar Flare Particle Streams. Loukas 
Vlahos and K. Papadopoulos. 233, 717, 100-E2 (1979) 

Solar Flares: Models and Predictions of the Flux-Rope 
Theory. J. H. Piddington. 233, 727, 100-E12 (1979) 

The Dissipation of Hydromagnetic Surface Waves. Donat G. 
Wentzel. 233, 756, 101-A1 (1979) 

Sunspots and the Physics of Magnetic Flux Tubes. VIII. 
Overstability in a Magnetic Field in a Downdraft. E. N. 
Parker. 233, 1005, 104-E1 (1979) 

Accretion by Rotating Magnetic Neutron Stars. III. Accretion 
Torques and Period Changes in Pulsating X-Ray Sources. P. 
Ghosh and F. K. Lamb. 234, 296, 110-A13 (1979) 

Sunspots and the Physics of Magnetic Flux Tubes. IX. Umbral 
Dots and Longitudinal Overstability. E. N. Parker. 234, 333, 
110-D9 (1979) 

Nonlinear Stability of Solar Type III Radio Bursts. I. Theory. 
Robert A. Smith, Melvyn L. Goldstein, and K. 
Papadopoulos . 234, 348, 110-E10 (1979) 

Nonlinear Stability of Solar Type III Radio Bursts. II. 
Application to Observations near 1 AU. Melvyn L. 
Goldstein, Robert A. Smith, and Konstantinos 
Papadopoulos . 234, 683, 115-G7 (1979) 

Gradient and Curvature Drifts in Magnetic Fields with 
Arbitrary Spatial Variation. P. A. Isenberg and J. R. Jokipii. 
234, 746, 116-E8 (1979) 

Thermal Instabilities in Magnetically Confined Plasmas: Solar 
Coronal Loops. §. R. Habbal and R. Rosner. 234, 1113, 
122-G12 (1979) 


Hyperfine Structure 


Determination of the Hyperfine Structure of HNC and HNC. 
Margaret A. Frerking, William D. Langer, and Robert W. 
Wilson. 232, L65, 81-E6 (1979) 


Hi Regions: see Nebulae 


Infrared: General 

Polarimetry of Be Stars at 1.25 and 2.2 Microns. Terry J. 
Jones. 228, 787, 27-E11 (1979) 

The Infrared Luminosity/H 1 Velocity-Width Relation and Its 
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Application to the Distance Scale. Marc Aaronson, John 
Huchra, and Jeremy Mould. 229, 1, 31-A4 (1979) 


Infrared: Sources 


Far-Infrared Observations of the Carina I and II H 1 Regions. 
Paul M. Harvey, William F. Hoffmann, and Murray F. 
Campbell. 227, 114, 2-B12 (1979) 

An Observati»nal Study of the AFGL Infrared Sky Survey. 
IV. Further Results from the Revised Catalog. S. G. 
Kleinmann, R. R. Joyce, D. G. Sargent, F. C. Gillett, and 
C. M. Telesco. 227, 126, 2-C12 (1979) 

Type I OH Masers: A Study of Positions, Polarization, Nearby 
Water Masers, and Radio Continuum and Infrared 
Properties. Neal J. Evans Il, §. Beckwith, Robert L. Brown, 
and W. Gilmore. 227, 450, 7-B1 (1979) 

On the Infrared Variability of 3C 120, NGC 1275, and III Zw 2. 
G. H. Rieke and M. J. Lebofsky. 227, 710, 11-B3 (1979) 
Circumstellar Dust Envelopes: Calculation of Eclipse Light 
Curves and Fringe Visibilities. Dennis R. Crabtree and P. 

G. Martin. 227, 900, 13-D6 (1979) 

Detection of a Near-Infrared Complex Associated with $140 
IRS. Harriet L. Dinerstein, Daniel F. Lester, and David M. 
Rank. 227, L39, 5-C10 (1979) 

A Balloon Observation of Diffuse Far-Infrared Emission from 
the Galactic Plane. T. Maihara, N. Oda, and H. Okuda. 227, 
L129, 15-F6 (1979) 

Spectrophotometry of Compact H u Regions from 4 to 8 
Microns. R. C. Puetter, R. W. Russell, B. T. Soifer, and S. 
P. Willner. 228, 118, 18-C11 (1979) 

Discovery of a Compact Far-Infrared Source, IR 12.4+0.5. E. 
L. Wright, W. DeCampli, G. G. Fazio, D. E. Kleinmann, C. 
J. Lada, and F. J. Low. 228, 439, 22-F8 (1979) 

High-Angular-Resolution Far-Infrared Observations of the p 
Ophiuchi Dark Cloud. Paul M. Harvey, Murray F. 
Campbell, and William F. Hoffmann. 228, 445, 22-G1 (1979) 

High-Resolution OH Maser Observations of IRC +10420. R. 
L. Mutel, John D. Fix, J. M. Benson, and J. C. Webber. 228, 
771, 27-DS5 (1979) 

Extinction in Infrared-emitting Galactic Nuclei. M. J. 
Lebofsky and G. H. Rieke. 229, 111, 32-D1 (1979) 

Analysis of Obscured Infrared Objects. II]. The Infrared Point 
Source in M17 SW. Alan T. Tokunaga and Rodger I. 
Thompson. 229, 583, 38-D7 (1979) 

Near-Infrared Observations of Ionized Hydrogen at the Core 
of the Galaxy. J. Bally, R. R. Joyce, and N. Z. Scoville . 229, 
917, 43-D5 (1979) 

Infrared and Optical Measurements of the Ionized Gas in 
K3-50. Daniel F. Lester, Harriet L. Dinerstein, and David 
M. Rank. 229, 981, 44-B5 (1979) 

Infrared Observations of NGC 2071(IRS) and AFGL 490: Two 
Low-Luminosity Young Stars. Paul M. Harvey, Murray F. 
Campbell, William F. Hoffmann, Harley A. Thronson, Jr., 
and lan Gatley. 229, 990, 44-C1 (1979) 

Star Formation at a Front: Far-Infrared Observations of 
AFGL 333. Harley A. Thronson, Jr., Paul M. Harvey, and 
lan Gatley . 229, L133, 46-G6 (1979) 

Ba Line Survey of Compact Infrared Sources. Theodore 
Simon, M. Simon, and R. R. Joyce. 230, 127, 49-D1 (1979) 

Compact H 1 Regions in the Far-Infrared. Harley A. 
Thronson, Jr. and D. A. Harper. 230, 133, 49-D7 (1979) 

High-Resolution Observations of CO in IRC + 10216 and Three 
Related Objects. P. G. Wannier, R. B. Leighton, G. R. 
Knapp, R. O. Redman, T. G. Phillips, and P. J. Huggins. 
230, 149, 49-E10 (1979) 

OH Emission from Early-Type Emission-Line Stars with 
Large Infrared Excesses. Lindsey E. Davis, E. R. Seaquist, 
and C. R. Purton. 230, 434, 53-D11 (1979) 

SiO Masers in R Aquarii and Other Infrared Stars. B. 
Zuckerman. 230, 442, 53-E5 (1979) 

The Brightness Distribution of IRC +10216 at 11 Microns. E. 
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Line Profiles—Continued 
Average Power Spectra for Siu. R. Grant Athay and O. R. 
White. 39, 333, 7-E1 (1979) (Abstr. in 228, 366, 21-A3) 

Chromospheric Oscillations Observed with OSO 8. Ill. 
Average Phase Spectra for Siu. O. R. White and R. Grant 
Athay. 39, 347, 7-F1 (1979) (Abstr. in 228, 366, 21-A3) 

A Theoretical Study of the Radio Recombination Line and 
Continuum Emission from Compact Inhomogeneous H 1 
Regions. M. R. Viner, J. P. Vallée, and V. A. Hughes. 39, 
405, 8-E1 (1979) (Abstr. in 228, 365, 21-A2) 

An Atlas of Theoretical P Cygni Profiles. John I. Castor and 
Henny J. G. L. M. Lamers. 39, 481, 9-F2 (1979) (Abstr. in 
228, 948, 29-C7) 

High-Resolution Line Profiles of T Tauri Stars. Timothy J. 
Schneeberger, Simon P. Worden, and M. Susan Wilkerson. 
41, 369, 33-A2 (1979) (Abstr. in 233, 768, 101-A13) 

Stellar Model Chromospheres. XI. A Survey of Ca m A8542 
Line Profiles in Late-Type Stars of Differing Chromospheric 
Activity. Jeffrey L. Linsky, Donald M. Hunten, Russ 
Sowell, David L. Glackin, and Walter L. Kelch. 41, 481, 
34-G1 (1979) (Abstr. in 233, 766, 101-A11) 

The 3200-3600 A Region of the Spectrum of Arcturus. G. 
Griffin and R. F. Griffin. 41, 631, 36-F2 (1979) (Abstr. in 233, 
766, 101-All) 

Luminosity Function 

A New Determination of the Luminosity Function of Radio 
Galaxies and an Investigation of the Evolutionary Properties 
of the Radio Galaxy Population in the Recent Past. David L. 
Meier, Marie-Helene Ulrich, R. Fanti, 1. Gioia, and C. Lari. 
229, 25, 31-Cl (1979) 

ANS Ultraviolet Observations of External Galaxies. I. 
Exciting Stars of H 1 Regions in the Large Magellanic 
Cloud. F. P. Israel and J. Koornneef. 230, 390, 53-A7 (1979) 

Statistics of the Hubble Diagram. II. The Form of the 
Luminosity Function and Density Variations with 
Application to Quasars. Edwin L. Turner. 231, 645, 72-A4 
(1979) 

The Luminosity Function of E and SO Galaxies. Sidney van 
den Bergh and Robert D. McClure. 231, 671, 72-C2 (1979) 
The Velocity Field of Bright Nearby Galaxies. I. The Variation 
of Mean Absolute Magnitude with Redshift for Galaxies in a 
Magnitude-limited Sample. Allan Sandage, G. A. 

Tammann, and Amos Yahil. 232, 352, 82-B9 (1979) 

The Luminosity Function of Galaxy Systems: from Single 
Galaxies and Small Groups to Rich Clusters. Neta A. 
Bahcall. 232, 689, 87-D3 (1979) 

The Velocity Field of Bright Nearby Galaxies. Il. Luminosity 
Functions for Various Hubble Types and Luminosity 
Classes: The Peculiar Motion of the Local Group Relative to 
the Virgo Cluster. G. A. Tammann, Amos Yahil, and Allan 
Sandage. 234, 775, 119-A6 (1979) 

Statistics of the Hubble Diagram. II. The Form of the 
Luminosity Function and Density Variations with 
Application to Quasars: Erratum. Edwin L. Turner. 234, 
1157, 123-D4 (1979) (Orig. paper in 231, 645, 72-A4) 

The Initial Mass Function and Stellar Birthrate in the Solar 
Neighborhood. Glenn E. Miller and John M. Scalo. 41, 513, 
35-G1 (1979) (Abstr. in 233, 767, 101-A12) 


Magnetic Fields 
Stellar OH Masers and Magnetic Fields: VLBI Observations 
of U Orionis and IRC +10420. M. J. Reid, J. M. Moran, R. 
W. Leach, J. A. Ball, K. J. Johnston, J. H. Spencer, and G. 
W. Swenson. 227, L89, 10-C6 (1979) 
Cyclotron Line Formation in the Atmosphere of a Magnetized 
Neutron Star. Raphael Z. Yahel. 229, L73, 42-C3 (1979) 
Magnetoh ydrodynamics: see Hydromagnetics 


Masers 


The Absorption of Trapped Line Photons by Dust. Peter 
Goldreich and John Kwan. 227, 150, 2-F1 (1979) 

H20 Masers near OB Associations. L. Blitz and C. J. Lada. 
227, 152, 2-F3 (1979) 

Type I OH Masers: A Study of Positions, Polarization, Nearby 
Water Masers, and Radio Continuum and Infrared 
Properties. Neal J. Evans II, S. Beckwith, Robert L. Brown, 
and W. Gilmore . 227, 450, 7-B1 (1979) 

Stellar OH Masers and Magnetic Fields: VLBI Observations 
of U Orionis and IRC +10420. M. J. Reid, J. M. Moran, R. 
W. Leach, J. A. Ball, K. J. Johnston, J. H. Spencer, and G. 
W. Swenson. 227, L89, 10-C6 (1979) 

Observations of the Shock in a Region of Shock-induced Star 
Formation: NGC 281. Bruce G. Elmegreen and J. M. 
Moran. 227, L93, 10-C10 (1979) 

Interstellar Bullets: H2O Masers and Herbig-Haro Objects. 
Colin Norman and Joseph Silk . 228, 197, 19-B8 (1979) 

High-Resolution OH Maser Observations of IRC +10420. R. 
L. Mutel, John D. Fix, J. M. Benson, and J. C. Webber. 228, 
771, 27-DS5 (1979) 

The Flare in the U Orionis OH Maser. M. Cimerman. 228, 
L79, 25-C7 (1979) 

Disk Structure in Protostellar H2O Maser Sources. Bruce G. 
Elmegreen and Mark Morris. 229, 593, 38-E3 (1979) 

The Spatial Structure of a New OH Maser Feature in IRC 
+10420. J. M. Benson, R. L. Mutel, J. D. Fix, and M. J. 
Claussen. 229, L87, 42-D1 (1979) 

The Role of H + OH Collisions in Pumping the OH 18 
Centimeter Maser Lines. H. Kaplan and M. Shapiro. 229, 
L91, 42-D5 (1979) 

SiO Masers in R Aquarii and Other Infrared Stars. B. 
Zuckerman. 230, 442, 53-ES (1979) 

The Structure of H2O0 Masers Associated with Late-Type 
Stars. J. H. Spencer, K. J. Johnston, J. M. Moran, M. J. 
Reid, and R. C. Walker. 230, 449, 53-E12 (1979) 

An Asymptotic.Limit to Optical Pumping in an Opaque 
Region. Craig L. Sarazin, George B. Rybicki, and Brian P. 
Flannery. 230, 456, 53-F5 (1979) 

H20 Masers and H u Regions in W49 at 23 GHz. N. H. Dieter, 
W. J. Welch, and M. C. H. Wright. 230, 768, 58-E1 (1979) 

Cyanodiacetylene (HCsN) in Sagittarius B2. L. W. Avery, T. 
Oka, N. W. Broten, and J. M. MacLeod. 231, 48, 63-D12 
(1979) 

A Correlation between SiO and Stellar Luminosities in 
Long-Period Variables and the Nature of the SiO Maser 
Pump Mechanism. J. H. Cahn and M. Elitzur. 231, 124, 
64-C 12 (1979) 

Stimulated Linear Acceleration Bremsstrahlung. Norman M. 
Kroll and Wayne A. McMullin. 231, 425, 68-E3 (1979) 

VLBI Observations of Si0 Masers at a Wavelength of 7 
Millimeters in Late-Type Stars. J. M. Moran, J. A. Ball, C. 
R. Predmore, A. P. Lane, G. R. Huguenin, M. J. Reid, and 
S. S. Hansen. 231, L67, 71-B11 (1979) 

VLBI Observations of the Si0 Maser in Orion. R. Genzel, J. 
M. Moran, A. P. Lane, C. R. Predmore, P. T. P. Ho, S. S. 
Hansen, and M. J. Reid. 231, L73, 71-C2 (1979) 

Polarization Properties of the 86.2 GHzv = 1,/ = 21 SiO 
Maser. Thomas H. Troland, Carl Heiles, Donald R. 
Johnson, and Frank O. Clark. 232, 143, 78-D12 (1979) 

Molecular-Line Observations of the S252 (NGC 2175) 
Star-forming Complex. Charles J. Lada and Diane Wooden. 
232, 158, 78-E13 (1979) 

Outbursts in the Main wine OH Emission from U Orionis. 
John D. Fix. 232, L39, 81-C10 (1979) 

Multibaseline VLBI Observations of the 1612 MHz OH 
Masers toward NML Cygni and VY Canis Majoris. J. M. 
Benson and R. L. Mutel. 233, 119, 93-C9 (1979) 
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The Spectrum of the Becklin-Neugebauer Source in Orion 
from 3.3 to 5.5 Microns. Howard A. Smith, Harold P. 
Larson, and Uwe Fink. 233, 132, 93-D9 (1979) 

Nonthermal OH Main Lines and the Abundance of OH in 
Interstellar Dust Clouds. Richard M. Crutcher. 234, 881, 
120-D9 (1979) 

Suspected Zeeman Splitting in the OH Masers in W Hydrae. 
M. Cimerman. 234, 891, 120-ES (1979) 

Time Variability of the R Leonis, o Ceti, and Orion A SiO 
(v=1,J=2-+1) Masers. A. Hjalmarson and H. Olofsson. 234, 
L199, 123-G13 (1979) 

Monitoring of OH Maser Emission from Late-Type Stars. P. 
R. Jewell, M. Elitzur, J. C. Webber, and L. E. Snyder. 41, 
191, 30-B1 (1979) (Abstr. in 232, 950, 90-C1) 

Mass-Luminosity Relation 

Distances to Eclipsing Binaries. III. Masses, Radii, and 
Absolute Magnitudes of 96 Stars. Claud H. Lacy. 228, 817, 
27-G13 (1979) 

The Virial Mass and Mass-to-Light Ratio of the Andromeda 
(M31) Subgroup. Herbert J. Rood. 232, 699, 87-D13 (1979) 

The Initial Mass Function and Stellar Birthrate in the Solar 
Neighborhood. Glenn E. Miller and John M. Scalo. 41, 513, 
35-G1 (1979) (Abstr. in 233, 767, 101-A12) 

Metal-Poor Stars: see Stars: Weak-Line 
Meteors and Meteorites 

Satellite Observations of Meteors. R. D. Rawcliffe. 228, 338, 
20-F3 (1979) 

Calcium Isotopic Anomalies and the Lack of Aluminum-26 in 
an Unusual Allende Inclusion. Typhoon Lee, William A. 
Russell, and G. J. Wasserburg . 228, L93, 25-D6 (1979) 

The Neutron-rich Silicon-burning and Equilibrium Processes 
of Nucleosynthesis. A. G. W. Cameron. 230, L53, 51-F9 
(1979) 

Cosmochronology after Aliende. Hubert Reeves. 231, 229, 
65-D9 (1979) 

Injection of Isotopic Anomalies into the Early Solar Nebula. 
Steven H. Margolis. 231, 236, 65-E2 (1979) 

Stellar Condensates in Meteorites: Isotopic Evidence from 
Noble Gases. Roy S. Lewis, Leo Alaerts, Jun-Ichi Matsuda, 
and Edward Anders. 234, L165, 117-G9 (1979) 

Presolar Grains in Orgueil: Evidence from Neon-E. P. 
Eberhardt, M. H. A. Jungck, F. O. Meier, and F. Niederer. 
234, L169, 117-G13 (1979) 

Microwave Radiation: see Radio Sources 
Mira Variables: see Stars: Long-Period Variables 
Mokecular Processes 

On the CH4v4 Fundamental Controversy: Line-Intensity 
Measurements Revisited. Barry L. Lutz, Peter M. Silvaggio, 
and Robert W. Boese. 227, 334, 4-E12 (1979) 

Fourier Transform Spectroscopy: Extensive Analysis of the A 
X and B — X Systems of Yttrium Oxide. 
A. Bernard, R. Bacis, and P. Luc. 227, 338, 4-F2 (1979) 

Measurements of the Extinction to the Molecular Hydrogen 
Emission from the Orion Nebula. S. Beckwith, S. E. 
Persson, and G. Neugebauer. 227, 436, 7-A1 (1979) 

Atomic to Molecular Hydrogen Transition in Interstellar 
Clouds. S. R. Federman, A. E. Glassgold, and John Kwan. 
227, 466, 7-C3 (1979) 

Carbon Monoxide Emission and the y Carinae Stage of Nova 
NQ Vulpeculae. G. J. Ferland, D. L. Lambert, H. Netzer, 
D.N. B. Hall, and S. T. Ridgway. 227, 489, 7-D12 (1979) 

Intensities of A-X¥ and B—X Bands of CO and CO* in Comets. 
K. S. Krishna Swamy. 227, 1082, 15-C11 (1979) 

Dissociative Recombination of N2H* and N2D*. P. M. Mul 
and J. Wm. McGowan. 227, L157, 16-AS (1979) 

O('D) and H20* in Comet Bennett 1970. Il. A. H. Delsemme 
and M. R. Combi. 228, 330, 20-E8 (1979) 

Associative Detachment in Collisions of H and H~. Ronald J. 


Bieniek and A. Dalgarno. 228, 635, 24-G1 (1979) 
Metastable Isomers: A New Class of Interstellar Molecules. 
Sheldon Green and Eric Herbst. 229, 121, 32-D11 (1979) 
The Electronic Spectrum of Gaseous CeO. R. F. Barrow, R. 
M. Clements, S. M. Harris, and P. P. Jenson. 229, 439, 

35-G8 (1979) 

Scattering Experiments with Hydrogen Atoms. II. A System 
of Astrophysical Interest! H+CO. G. Caracciolo, T. H. 
Ellis, G. O. Este, A. Ruffolo, G. Scoles, and U. Valbusa. 
229, 451, 36-A6 (1979) 

The Influence of Vibration-Rotation Interaction on Band 
Intensity Parameters for ZrO and CuH. J. A. C. Gallas, R. 
E. Francke, H. P. Grieneisen, and B. P. Chakraborty. 229, 
851, 41-D1 (1979) 

The y System of Zirconium Qxide. John G. Phillips and 
Sumner P. Davis. 229, 867, 41-E8 (1979) 

Estimation of Collisionally Induced Transition Rates of 
Interstellar Molecules from Laboartory Data. P. R. 
Schwartz. 229, L45, 36-F1 (1979) 

The Role of H + OH Collisions in Pumping the OH 18 
Centimeter Maser Lines. H. Kaplan and M. Shapiro. 229, 
L91, 42-D5 (1979) 

On the Chemisputtering of Interstellar Graphite Grains. B. T. 
Draine. 230, 106, 49-B7 (1979) 

Velocity Profiles of the 2.1 Micron H2 Emission Line in the 
Orion Molecular Cloud. Daniel Nadeau and Thomas R. 
Geballe. 230, L169, 61-C11 (1979) 

The Synthesis of Complex Molecules in Interstellar Clouds. 
W. T. Huntress, Jr. and G. F. Mitchell. 231, 456, 68-G6 
(1979) 

Statistical Equilibrium in Cometary C2. II. Swan/Phillips Band 
Ratios. K. S. Krishna Swamy and C. R. O'Dell. 231, 624, 
70-E10 (1979) 

The FeH Molecule at 4 K. A. Dendramis, R. J. Van Zee, and 
W. Weltner, Jr. 231, 632, 70-F4 (1979) 

Oscillator Strengths and Photodissociation Cross Sections in 
the XA and XB’ Band Systems in MgH. K. Kirby, R. 
P. Saxon, and B. Liu. 231, 637, 70-F9 (1979) 

Rotational Excitation of Hydrogen Molecules by Collisions 
with Hydrogen Atoms. Sheldon Green and Donald G. 
Truhlar. 231, L101, 71-E1 (1979) 

Lyman-Alpha Observations of Commet Kobayashi-Berger- 
Milon (1975) 1X) with Copernicus. M. Festou, E. B. Jenkins, 
H. U. Keller, E. 8. Barker, J. L. Bertaux, J. F. Drake, and 
W. L. Upson II. 232, 318, 80-D2 (1979) 

An lon-Molecule Scheme for the Synthesis of 
Hydrocarbon-Chain and Organonitrogen Molecules in 
Dense Interstellar Clouds. H. J. Schiff and D. K. Bohme. 
232, 740, 87-G12 (1979) 

Hot-Atom Synthesis of Organic Compounds on Jupiter. John 
S. Lewis and Bruce Fegley, Jr. 232, L135, 86-B10 (1979) 
Interstellar Synthesis of the Cyanopolyynes and Related 
Molecules. G. F. Mitchell, W. T. Huntress, Jr., and S. S. 

Prasad. 233, 102, 93-B6 (1979) 

Collision-induced Dissociation of Interstellar Molecules. A. 
Dalgarno and W. G. Roberge. 233, L25, 96-E9 (1979) 

Carbon Monoxide Isotope Fractionation in the Dust Cloud 
Lynds 134. R. L. Dickman, W. H. McCutcheon, and W. L. 
H. Shuter. 234, 100, 108-A8 (1979) 

A *Il System of the ZrO* Molecule. John G. Phillips and 
Sumner P. Davis. 234, 393, 111-B2 (1979) 

A New “II-*A System of the ZrO Molecule. John G. Phillips, 
Sumner P. Davis, and Daniel C. Galehouse. 234, 401, 
111-B12 (1979) 

Laboratory Measurements and a Search for Interstellar CO 
Dimer. Paul A. Vanden Bout, Joseph M. Steed, Lawrence 
S. Bernstein, and William Klemperer. 234, 503, 114-A2 
(1979) 


122 THE ASTROPHYSICAL JOURNAL 


Nebulae: Individual—C ontinued 
C--gnus Loop. Riccardo Giovanelli and Martha P. Haynes. 
230, 404, 53-B8 (1979) 

Voyager Spectral Observations of the Cygnus Loop Nebula, 
600-1700 A. D. E. Shemansky, B. R. Sandel, and A. L. 
Broadfoot . 231, 35, 63-C13 (1979) 

Spectroscopic Studies of V 1500 (Nova) Cygni. IIl. The Nebula 
and Central Binary System. J. B. Hutchings. 230, 162, 
49-F 10 (1979) 

{30 Doradus} ANS Ultraviolet Observations of External 
Galaxies. 1. Exciting Stars of H m Regions in the Large 
Magellanic Cloud. F. P. Israel and J. Koornneef. 230, 390, 
§3-A7 (1979) 

Carbon Monoxide Isotope Fractionation in the Dust Cloud 
Lynds 134. R. L. Dickman, W. H. McCutcheon, and W. L. 
H. Shuter. 234, 100, 108-A8 (1979) 

Interstellar Abundances in the  Ophiuchi Clouds. Theodore P. 
Snow, Jr. and Karie A. Meyers. 229, 545, 38-A11 (1979) 
High-Angular-Resolution Far-Infrared Observations of the p 
Ophiuchi Dark Cloud. Paul M. Harvey, Murray F. 
Campbell, and William F. Hoffmann. 228, 445, 22-G1 (1979) 
Ammonia Observations of the Orion Molecular Cloud. P. T. P. 
Ho, A. H. Barrett, P. C. Myers, D. N. Matsakis, A. C. 
Cheung, M. F. Chui, C. H. Townes, and K. S. Yngvesson. 

234, 912, 120-F12 (1979) 

Ammonia Observations of the Orion Molecular Cloud. P. T. P. 
Ho, A. H. Barrett, P. C. Myers, D. N. Matsakis, A. C. 
Cheung, M. F. Chui, C. H. Townes, and K. S. Yngvesson. 
234, 912, 120-F12 (1979) 

Orion's Cloak: A Rapidly Expanding Shell of Gas Centered on 
the Orion OBI Association. L. L. Cowie, A. Songaila, and 
D. G. York. 230, 469, 53-G4 (1979) 

An Internal Velocity Study of the Rosette Nebula. W. F. 
Fountain, G. A. Gary, and C. R. O'Dell. 229, 971, 44-A8 
(1979) 

Is G292.0+1.8 a Crab-like Supernova Remnant? Sidney van 
den Bergh. 234, 493, 113-G1 (1979) 

Neutral Hydrogen in Supernova Remnants: IC 443 and the 
Cygnus Loop. Riccardo Giovanelli and Martha P. Haynes. 
230, 404, 53-B8 (1979) 

Reversal of the |O 11! 44363/Hy A4340 Ratio in the Planetary 
Nebula IC 4997. W. A. Feibelman, R. W. Hobbs, C. W. 
McCracken, and L. W. Brown. 231, 111, 64-B11 (1979) 

Infrared and Optical Measurements of the lonized Gas in 
K3-50. Daniel F. Lester, Harriet L. Dinerstein, and David 
M. Rank. 229, 981, 44-B5 (1979) 

Kinematics of the Supernova Remnant S147. Robert P. 
Kirshner and Clifford N. Arnold. 229, 147, 32-F9 (1979) 
Molecular-Line Observations of the S252 (NGC 2175) 
Star-forming Complex. Charles J. Lada and Diane Wooden. 

232, 158, 78-E13 (1979) 

Discovery of Optical Emission from the SNR G290.1—0.8. 
Robert P. Kirshner and P. Frank Winkler, Jr. 227, 853, 

12-G8 (1979) 

H20 Masers and H Regions in W49 at 23 GHz. N. H. Dieter, 
W. J. Welch, and M. C. H. Wright. 230, 768, 58-E1 (1979) 

High-Sensitivity Recombination-Line Observations of W49A. 
I. The Hydrogen a Lines. M. R. Viner and V. A. Hughes. 
234, 162, 108-F1 (1979) 

The H u Region—Molecular Cloud Complex WS51. Stuart L. 
Mufson and Harvey S. Liszt. 232, 451, 83-C7 (1979) 

\3C 461! Evolution of the Radio Spectrum of Cassiopeia A. 
Ramanath Cowsik . 227, 856, 13-A3 (1979) 

A Numerical Model for Cassiopeia A (3C 461). R. C. Shirkey. 
232, 826, 88-G8 (1979) 

Nebulae: Orion Nebula 

Recombination Lines from the Interface between the Orion 
Molecular Cloud and the H 11 Region NGC 1977. Marc L. 
Kutner, Michel Guélin, Neal J. Evans Il, Kenneth D. 


Tucker, and Scott C. Miller. 227, 121, 2-C7 (1979) 

Observations of Nonmetastable Levels of Interstellar 
Ammonia. James S. Sweitzer, Patrick Palmer, Mark 
Morris, B. E. Turner, and B. Zuckerman. 227, 415, 6-F5S 
(1979) 

Two New Methanol Transitions in Orion A. D. E. Jennings 
and K. Fox. 227, 433, 6G11 (1979) 

Measurements of the Extinction to the Molecular Hydrogen 
Emission from the Orion Nebula. S. Beckwith, S. E. 
Persson, and G. Neugebauer. 227, 436, 7-A1 (1979) 

The Detection of the J = 3-2 Lines of HCN, HNC, and HCO* 
in the Orion Molecular Cloud. P. J. Huggins, T. G. Phillips, 
G. Neugebauer, M. W. Werner, P. G. Wannier, and D. 
Ennis. 227, 441, 7-A6 (1979) 

A Comparison of Forbidden-Line and Optical Continuum 
Electron Temperatures in Gaseous Nebulae. Timothy 
Barker. 227, 863, 13-A10 (1979) 

Detection of the 312 — 211 Transition of Interstellar 
Formaldehyde at 1.3 Millimeters. Neal J. Evans II, R. L. 
Plambeck, and John H. Davis. 227, L25, 5-B11 (1979) 

Observations of the 63 Micron |O 1! Emission Line in the Orion 
and Omega Nebulae. Gary Melnick, George E. Gull, and 
Martin Harwit. 227, L29, 5-C1 (1979) 

Near-Infrared Fourier Spectroscopy of the Orion Nebula. II. 
The Weak Lines. R. P. Lowe, J. M. Moorhead, and W. H. 
Wehlau. 228, 191, 19-B2 (1979) 

X-Rays from the Orion Trapezium. Hale V. Bradt and Richard 
L. Kelley. 228, L33. 21-E6 (1979) 

Some Implications of Revised O 1 (7990 A) and O 1 (11287 A) 
Branching Ratios. A. B. Christensen. 229, 448, 36-A3 (1979) 

Dimethyl! Ether in Orion. Frank O. Clark, Frank J. Lovas, and 
Donald R. Johnson. 229, 553, 38-B5 (1979) 

Temperatures and Abundances in the Outer Orion Nebula. 
Marshall L. McCall. 229, 962, 43-G10 (1979) 

Velocity Profiles of the 2.1 Micron H2 Emission Line in the 
Orion Molecular Cloud. Daniel Nadeau and Thomas R. 
Geballe . 230, L169, 61-C11 (1979) 

A Determination of the Reddening of the H2 Emission from the 
Orion Molecular Cloud. M. Simon, G. Righini-Cohen, R. R. 
Joyce, and Theodore Simon. 2%, L175, 61-D2 (1979) 

Fine-Structure Lines and Elemental Abundances in the Orion 
Nebula. Daniel F. Lester, Harriet L. Dinerstein, and David 
M. Rank. 232, 139, 78-D8 (1979) 

Interstellar Grain Size: A Look at the Deviant Four. Michel 
Breger. 233, 97, 93-B1 (1979) 

The Spectrum of the Becklin-Neugebauer Source in Orion 
from 3.3 to 5.5 Microns. Howard A. Smith, Harold P. 
Larson, and Uwe Fink. 233, 132, 93-D9 (1979) 

Evidence for Temporal Variations in the H2 2.1 Micron 
Emisson from the Orion Nebula. P. M. Ogden, F. L. 
Roesler, H. P. Larson, H. A. Smith, R. J. Reynolds, and F. 
Scherb. 233, L21, 96-E2 (1979) 

Submillimeter Emission from L1641 and the Orion Nebula. J. 
Smith, D. K. Lynch, D. Cudaback, and M. W. Werner. 234, 
902, 120-F2 (1979) 

Observations of Peripheral Regions of the Orion Nebula. 
James B. Kaler, David J. Lien, and Michael L. Peck. 234, 
909, 120-F9 (1979) 

Ammonia Observations of the Orion Molecular Cloud. P. T. P. 
Ho, A. H. Barrett, P. C. Myers, D. N. Matsakis, A. C. 
Cheung, M. F. Chui, C. H. Townes, and K. S. Yngvesson. 
234, 912, 120-Fi2 (1979) 

A Rotational Explanation of the High-Velocity Molecular 
Emission from the Orion Molecular Cloud. F. O. Clark, J. 
A. Biretta, and H. M. Martin. 234, 922, 120-G8 (1979) 

Einstein Observations of the Orion Nebula. William H.-M. Ku 
and Gary A. Chanan. 234, L59, 112-C13 (1979) 

CO Velocity Features in the Orion Moleculer Cloud 
Associated with Shock Fronts and Expansion of the Orion H 


1979 SUBJECT INDEX 123 


ut Region. Robert B. Loren. 234, L207, 124-A7 (1979) 

Detection of the 12.28 Micron Rotational Line of Molecular 
Hydrogen in the Orion Molecular Cloud. S. C. Beck, J. H. 
Lacy, and T. R. Geballe . 234, L213, 124-A13 (1979) 

Nebulae: 

Planetary Nebulae in Local Group Galaxies. VII. 
Spectrophotometry and Filter Photometry of M32-1. David 
C. Jenner, Holland C. Ford, and George H. Jacoby. 227, 
391, 6-C9 (1979) 

Optical Identification of the Peculiar Supernova Remnant 
G326.3—1.8. Sidney van den Bergh. 227, 497, 7-E8 (1979) 
A Comparison of Forbidden-Line and Optical Continuum 
Electron Temperatures in Gaseous Nebulae. Timothy 

Barker. 227, 863, 13-A10 (1979) 

The Probable Detection of Interstellar *He* and Its 
Significance. Robert T. Rood, T. L. Wilson, and Gary 
Steigman. 227, L97, 10-D1 (1979) 

The Enrichment of Nitrogen and Helium in Planetary Nebulae. 
James B. Kaler. 228, 163, 18-Gi (1979) 

Iron Condensation and the Formation of Planetary Nebulae. 
John M. Scalo and Gregory A. Shields. 228, 521, 23-E11 
(1979) 

HM Sagittae as a Young Planetary Nebula. Sun Kwok and C. 
R. Purton. 229, 187, 33-B12 (1979) 

The 10 Micron Properties of Planetary Nebulae. Gary L. 
Grasdalen. 229, 587, 38-D11 (1979) 

OH Emission from Early-Type Emission-Line Stars with 
Large Infrared Excesses. Lindsey E. Davis, E. R. Seaquist, 
and C. R. Purton. 230, 434, 53-D11 (1979) 

Charge Transfer of O** and Ne** with H. S. E. Butler, C. F. 
Bender, and A. Dalgarno. 230, L59, 51-G1 (1979) 

Reversal of the |O 111] 44363/Hy 44340 Ratio in the Planetary 
Nebula IC 4997. W. A. Feibelman, R. W. Hobbs, C. W. 
McCracken, and L. W. Brown. 231, 111, 64-B11 (1979) 

Observations of Three Central Stars of Planetary Nebulae. 
Roberto H. Méndez and Virpi S. Niemela. 232, 496, 83-G1 
(1979) 

The Structure of NGC 7027. P. D. Atherton, T. R. Hicks, N. 
K. Reay, G. J. Robinson, §. P. Worswick, and J. P. Phillips. 
232, 786, 88-D7 (1979) 


VLA Observations of Stellar Planetary Nebulae. H. M.. 


Johnson, Bruce Balick, and A. R. Thompson. 233, 919, 
103-E 10 (1979) 

8-13 Micron Spectrophotometry of Planetary Nebulae. David 
K. Aitken, Patrick F. Roche, Peter M. Spenser, and 
Barbara Jones. 233, 925, 103-F2 (1979) 

Miras and Planetary Nebula Formation. Y. Tuchman, N. Sack, 
and Z. Barkat. 234, 217, 109-C1 (1979) 

Ejection of a Runaway Planetary Nebula from M32. Gene G. 
Byrd. 234, 481, 113-F2 (1979) 

Infrared Spectra of IC 418 and NGC 6572. S. P. Willner, B. 
Jones, R. C. Puetter, R. W. Russell, and B. T. Soifer. 234, 
496, 113-G9 (1979) 

A Theoretical Study of the Radio Recombination Line and 
Continuum Emission from Compact Inhomogeneous H 1 
Regions. M. R. Viner, J. P. Vallée, and V. A. Hughes. 39, 
405, 8-E1 (1979) (Abstr. in 228, 365, 21-A2) 

Nebulae: Reflection 

Polarization in Reflection Nebulae. I. Scattering Properties of 
Interstellar Grains. Richard L. White. 229, 954, 43-G2 (1979) 

Polarization in Reflection Nebulae. II. Reflection of Light from 
Thick Slabs. Richard L. White. 230, 116, 49-C3 (1979) 

The Ultraviolet Phase Function of Interstellar Grains. M. 
Jura. 231, 732, 72-G11 (1979) 

Nebulae: Su a Remnants 

Theoretical Models of Interstellar Shocks. I. Radiative 
Transfer and UV Precursors. J. Michael Shull and 
Christopher F. McKee. 227, 131, 2-D6 (1979) 

Optical Identification of the Peculiar Supernova Remnant 


G326.3—1.8. Sidney van den Bergh. 227, 497, 7-E8 (1979) 

Discovery of Optical Emission from the SNR G290.1-0.8. 
Robert P. Kirshner and P. Frank Winkler, Jr. 227, 853, 
12-G8 (1979) 

Evolution of the Radio Spectrum of Cassiopeia A. Ramanath 
Cowsik . 227, 856, 13-A3 (1979) 

Emission-Line Spectra of Condensations in the Crab Nebula. 
Kris Davidson. 228, 179, 19-A3 (1979) 

{Fe x] and |Fe xiv] Emission from Puppis A and Other 
Supernova Remnants. R. L. Lucke, J. C. Zarnecki, B. E. 
Woodgate, J. L. Culhane, and D. G. Socker. 228, 763, 27-C9 
(1979) 

Shocked OH within a Supernova Remnant. L. K. DeNoyer. 
228, L41, 21-F2 (1979) 

X-Ray Images of Puppis A and IC 443. A. Levine, R. Petre, S. 
Rappaport, G. C. Smith, K. D. Evans, and D. Rolf. 228, 
L99, 30-A2 (1979) 

Kinematics of the Supernova Remnant $147. Robert P. 
Kirshner and Clifford N. Arnold. 229, 147, 32-F9 (1979) 
Optical Evidence for a Very Large, Expanding Shell 

Associated with the I Orion OB Association, Barnard’s 
Loop, and the High Galactic Latitude Ha Filaments in 
Eridanus. R. J. Reynolds and P. M. Ogden. 229, 942, 43-F4 

(1979) 

Detection of One Million Degree Gas in the Supernova 
Remnant IC 443. B. E. Woodgate, R. L. Lucke, and D. G. 
Socker. 229, L119, 46-F5 (1979) 

Soft X-Ray Emission from the Lupus Loop and SN 1006 
Supernova Remnants. P. Frank Winkler, Jr., David R. 
Hearn, John A. Richardson, and Janet M. Behnken. 229, 
L123, 46-F10 (1979) 

Neutral Hydrogen in Supernova Remnants: IC 443 and the 
Cygnus Loop. Riccardo Giovanelli and Martha P. Haynes. 
230, 404, 53-B8 (1979) 

Structural and Spectral Soft X-Ray Features in the Lupus 
Region. J. Davelaar, J. A. M. Bleeker, A. J. M. Deerenberg, 
Y. Tanaka, S. Hayakawa, and K. Yamashita. 230, 428, 
53-DS5 (1979) 

Discovery of X-Ray Emission from Two Southern Supernova 
Remnants. /. R. Tuohy, K. O. Mason, D. H. Clark, F. A. 
Cérdova, P. A. Charles, F. M. Walter, and G. P. Garmire. 
230, L27, 51-E1 (1979) 

The Interstellar Oxygen Edge in the X-Ray Spectrum of the 
Crab Nebula. Philip A. Charles, Steven M. Kahn, Stuart 
Bowyer, R. J. Blissett, J. L. Culhane, A. M. Cruise, and G. 
Garmire. 230, L83, 56-B7 (1979) 

Soft X-Ray Spectrum and Structure of the Supernova 
Remnant G65.2+5.7. K. O. Mason, S. M. Kahn, P. A. 
Charles, M. L. Lampton, and R. Blissett. 230, L163, 61-C6 
(1979) 

Voyager Spectral Observations of the Cygnus Loop Nebula, 
600-1700 A. D. E. Shemansky, B. R. Sandel, and A. L. 
Broadfoot. 231, 35, 63-C13 (1979) 

On Gamma-Ray Sources, Supernova Remnants, OB 
Associations, and the Origin of Cosmic Rays. Thierry 
Montmerle . 231, 95, 64-A7 (1979) 

High-Resolution Mapping of Magellanic Cloud Supernova 
Remnants in Coronal |Fe xiv]. Michael A. Dopita and 
Donald §. Mathewson. 231, L147, 76-B6 (1979) 

Interacting Supernova Remnants: Tunnels in the Sky. Eric M. 
Jones, Barham W. Smith, William C. Straka, John W. 
Kodis, and Hunt Guitar. 232, 129, 78-C11 (1979) 

Cosmic Rays in Supernova Remnants. I. Transport 
Coefficients. G. E. Morfill and M. Scholer. 232, 473, 83-E3 
(1979) 

A Numerical Model for Cassiopeia A (3C 461). R. C. Shirkey. 
232, 826, 88-G8 (1979) 

Discovery of Shocked CO within a Supernova Remnant. L. K. 
DeNoyer 232, L165, 90-G1 (1979) 


132 


Radiative Transfer—C ontinued 
Neutron Star. Raphael Z. Yahel. 229, L73, 42-C3 (1979) 

Effect of Elastic and Inelastic Collisions on the Redistribution 
of Resonance Radiation. Jean-Benoit Yelnik and Dietrich 
Voslamber. 230, 184, 50-A4 (1979) 

An Asymptotic Limit to Optical Pumping in an Opaque 
Region. Craig L. Sarazin, George B. Rybicki, and Brian P. 
Flannery. 230, 456, 53-FS (1979) 

Partial Redistribution in the Solar Photospheric Ba 
Spectrum. Robert J. Rutten and Robert W. Milkey. 231, 277, 
66-Al (1979) 

Radiative Amplification of Sound Waves in the Winds of O and 
B Stars. K. B. MacGregor, L. Hartmann, and J. C. 
Raymond. 231, 514, 69-D9 (1979) 

On the Passage of Radiation through Moving Astrophysical 
Plasmas: The Fresnel Drag in Transversely Moving 
Dispersive Med. H. C. Ko. 231, 589, 70-C3 (1979) 

On the Continuum Diagnostics of Photospheric Faculae. B. 
Caccin and G. Severino. 232, 297, 80-B7 (1979) 

Inverse Compton Reflection: Time-dependent Theory. Alan P. 
Lightman and George B. Rybicki. 232, 882, 89-D13 (1979) 
A Further Study of the Comptonization of X-Rays by 
Low-Temperature Electrons. Steven H. Langer. 232, 891, 

89-E8 (1979) 

The Effects of Electron Scattering on Balmer Emission Lines 
in Be Stars. R. Poeckert and J. M. Marlborough. 233, 259, 
94-G2 (1979) 

Propagation Effects in a Shearing Field-free Plasma and Pulsar 
Microstructure. Alice K. Harding and Eugene Tademaru. 
233, 317, 95-DS (1979) 

Spectral Formation in Compact X-Ray Sources. Randy R. 
Ross. 233, 334, 95-E8 (1979) 

Monte Carlo Calculations for Resonance Scattering with 
Absorption or Differential Expansion. J. R. M. Bonilha, R. 
Ferch, E. E. Salpeter, G. Slater, and Peter D. Noerdlinger. 
233, 649, 99-G2 (1979) 

An * Adding’ Algorithm for the Markov Chain Formalism for 
Radiation Transfer. Larry W. Esposito. 233, 661, 100-Al 
(1979) 

The Energy Balance and Pressure in the Solar Transition Zone 
for Network and Active Region Features. K. R. Nicolas, 
J.-D. F. Bartoe, G. E. Brueckner, and M. E. VanHoosier. 
233, 741, 100-F12 (1979) 

The Dynamics and Stability of Radiatively Driven Gas Clouds. 
1. Plane-Parallel Slabs. Michael R. Haas. 233, 816, 102-E1 
(1979) 

Possible Vacuum Signature in the Spectra of X-Ray Pulsars. J. 
Ventura, W. Nagel, and P. Mészdéros. 233, L125, 105-E8 
(1979) 

Interstellar Polarization in an Irregularly Fluctuating Medium. 
S. F. Nee and J. R. Jokipii. 234, 140, 108-D7 (1979) 

Stellar Atmosphere in Statistical Equilibrium. W. Kalkofen 
and R. 1. Klein. 234, 200, 109-A11 (1979) 

Helium Abundance Anomalies and Radiative Forces in Stellar 
Envelopes. G. Michaud, T. Montmerle, A. N. Cox, N. H. 
Magee, S. W. Hodson, and A. Martel. 234, 206, 109-B3 
(1979) 

Scintillations in Astrophysics. I. An Analytic Solution of the 
Second-Order Moment Equation. /. Lerche. 234, 262, 
109-F7 (1979) 

Scintillations in Astrophysics. Il. An Analytic Solution of the 
Fourth-Order Moment Equation. /. Lerche. 234, 653, 115-E5 
(1979) 

Some Effects of Acoustic Waves on Spectral-Line Profiles. 
Lawrence E. Cram, Stephen L. Keil, and Peter 
Ulmschneider. 234, 768, 116-G2 (1979) 

A Theoretical Study of the Radio Recombination Line and 
Continuum Emission from Compact Inhomogeneous H 
Regions. M. R. Viner, J. P. Vallée, and V. A. Hughes. 39, 
405, 8-E1 (1979) (Abstr. in 228, 365, 21-A2) 


THE ASTROPHYSICAL JOURNAL 


Radio Sources: Extended 

An Observational Study of the AFGL Infrared Sky Survey. 
IV. Further Results from the Revised Catalog. S. G. 
Kleinmann, R. R. Joyce, D. G. Sargent, F. C. Gillett, and 
C. M. Telesco. 227, 126, 2-C12 (1979) 

Discovery of Optical Emission from the SNR G290.1—0.8. 
Robert P. Kirshner and P. Frank Winkler, Jr. 227, 853, 
12-G8 (1979) 

Structure and Polarization of Jets in the Giant Radio Galaxy 
NGC 315. A. H. Bridle, M. M. Davis, E. B. Fomalont, A. G. 
Willis, and R. G. Strom. 228, L9, 21-C10 (1979) 

VLA Observations of Head-Tail Radio Sources. F. N. Owen, 
J. O. Burns, L. Rudnick, and E. W. Greisen. 229, L59, 42-B2 
(1979) 

A Theory of the Terrestrial Kilometric Radiation. C. S. Wu 
and L. C. Lee. 230, 621, 55-D13 (1979) 

HEAO 1! Scanning Modulation Collimator Discovery of an 
Extended X-Ray Source at Cygnus A. G. Fabbiano, R. E. 
Doxsey, M. Johnston, D. A. Schwartz, and J. Schwarz. 230, 
L67, 56-A5 (1979) 

The Radio Structure of Messier 82 at 23 GHz (1.3 cm). P. P. 
Kronberg, D. T. Emerson, U. Klein, and R. Wielebinski. 
230, L149, 61-B6 (1979) 

A Preferred Orientation for Large Radio Sources Relative to 
Their Elliptical Galaxies. J. J. Palimaka, A. H. Bridle, E. B. 
Fomalont, and G. W. Brandie. 231, L7, 66-C7 (1979) 

Polarization of the Blackbody Radiation at 3.2 Centimeters. G. 
P. Nanos, Jr. 232, 341, 82-A12 (1979) 

An Alternative to In Situ Acceleration Processes in 
Extragalactic Radio Sources. Steven R. Spangler. 232, L7, 
81-A7 (1979) 

Gaseous Halos: Implications for Cluster, Galaxy, and 
Radio-Source Evolution. Colin Norman and Joseph Silk. 
233, L1, 96-D6 (1979) 

Extended Radio Sources: The Effects of Particle Acceleration 
and Radiative Losses on Source Dynamics. W. A. 
Christiansen, G. G. Rolison, and J. S. Scott. 234, 456, 
113-D5 (1979) 

Lunar Occultation Observations of the Crab Nebula. F. P. 
Maloney and §. T. Gottesman. 234, 485, 113-F6 (1979) 

Meter-Wavelength Observations of Four Giant Radio 
Galaxies. R. A. Perley and W. C. Erickson. 41, 131, 29-A2 
(1979) (Abstr. in 232, 951, 90-C2) 

Radio Sources: Galaxies 

Brightness and Shape of Radio Jets. M. J. Valtonen. 227, L79, 
10-Bi1 (1979) 

Structure and Polarization of Jets in the Giant Radio Galaxy 
NGC 315. A. H. Bridle, M. M. Davis, E. B. Fomalont, A. G. 
Willis, and R. G. Strom. 228, L9, 21-C10 (1979) 

Optical Spectra of N Galaxies. D. E. Osterbrock and S. A. 
Grandi. 228, LS9, 25-A10 (1979) 

Redshifts of Southern Radio Sources. IV. Alan E. Wright, 
Bruce A. Peterson, David L. Jauncey, and James J. 
Condon. 229, 73, 31-G4 (1979) 

Radio Source Structure and the Intergalactic Medium. John 
Stocke. 230, 40, 48-D3 (1979) 

Particle Reacceleration in Radio Galaxies. Jean A. Eilek. 230, 
373, 52-G4 (1979) 

Polarization Maps of Cygnus A at 23 Gigahertz. J. W. Dreher. 
230, 687, 57-D12 (1979) 

Ne ut Emission and Galactic Dynamics in NGC 253. S. C. 
Beck, J. H. Lacy, and T. R. Geballe . 231, 28, 63-C6 (1979) 

An H 1 Survey of Nilson Dwarf Galaxies. I. Observations. 
Trinh X. Thuan and Patrick O. Seitzer. 231, 327, 67-C13 
(1979) 

An H 1 Survey of Nilson Dwarf Galaxies. II. Statistical 
Properties. Trinh X. Thuan and Patrick O. Seitzer. 231, 680, 
72-C11 (1979) 

Double Galaxies. I]. Data Analysis and a Galaxian Mass (M/L) 
Determination. Steven D. Peterson. 232, 20, 79-B10 (1979) 


| 

N 
D 
E 
X 


1979 SUBJECT INDEX 133 


Relativistic Jets as Compact Radio Sources. R. D. Blandford 
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Recombination Lines from the Interface between the Orion 
Molecular Cloud and the H 11 Region NGC 1977. Marc L. 
Kutner, Michel Guélin, Neal J. Evans Il, Kenneth D. 
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Outburst. David Crampton, J. B. Hutchings, and A. P. 
Cowley. 234, 182, 108-G7 (1979) 
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(1979) 

Influence of a Magnetic Field on the Pulsational Stability of 
Stars. Richard Stothers. 229, 1023, 44-E6 (1979) 

Theoretical Velocity Structure of Long-Period Variable Star 
Photospheres. S. J. Hill and L. A. Willson. 229, 1029, 
44-E12 (1979) 

A Transitory R-Type lonization Front in a Cepheid Model. 
Thomas F. Adams and John 1. Castor. 230, 826, 59-B12 
(1979) 

Linear Theory Period Ratios for Surface Helium Enhanced 
Double-Mode Cepheids. Arthur N. Cox, Stephen W. 
Hodson, and David S. King. 230, L109, 56-D11 (1979) 

Thermal Relaxation Oscillations in a Two-Zone Model. J. 
Robert Buchler and J. Perday;. 231, 524, 69-ES (1979) 

Theoretical Pulsation of Metallic-Line Stars. Arthur N. Cox, 
David S. King, and Stephen W. Hodson. 231, 798, 73-E11 
(1979) 

Tidal Effects in Pulsating Stars. II]. &1 ps-Modes in the 
Ellipsoidal Variable 14 Aurigae A. W. S. Fitch and W. Z. 
Wisniewski. 231, 808, 73-F7 (1979) 

On the Period Change of the Cepheid SV Vulpeculae. J. D. 
Fernie. 231, 841, 74-Al2 (1979) 

Cepheid Studies. II]. Energy Changes in the Beat Cepheid U 
Trianguli Australis. D. J. Faulkner and R. R. Shobbrook. 
232, 197, 79-Al11 (1979) 

The Light Variations of Nonradial Pulsators: Theory and 
Application to the Line Profile Variable 53 Persei. Ronald J. 
Buta and Myron A. Smith. 232, 213, 79-B13 (1979) 

General Variational Principle for Normal Modes of Rotating 
Stars. Bernard F. Schutz. 232, 874, 89-DS5 (1979) 

Periods and Amplitudes of TU Cassiopeiae from Radial 
Velocities. Gordon D. Niva. 232, L43, 81-D1 (1979) 

The Role of Neutrino Dissipation in Gravitational Collapse. 
Lee Lindblom and Steven Detweiler. 232, L101, 85-G7 
(1979) 

The Nonradial Mode Identification of 53 Persei during Late 
1977 and 1978. Myron A. Smith and Ronald J. Buta. 232, 
L193, 91-B1 (1979) 

White Dwarf Seismology. Carl J. Hansen and H. M. Van 
Horn. 233, 253, 94-F10 (1979) 

On Core Mass—Luminosity Relations for Shell Helium Burning 
Stages of Stellar Evolution. D. Havazelet and Z. Barkat. 
233, 589, 99-B10 (1979) 

The Discovery of 38.22 Second X-Ray Pulsations from the 
Vicinity of OAO 1653—40. N. E. White and S. H. Pravdo. 
233, L121, 105-E4 (1979) 

Pulsations of Model RR Lyrae Stars. N. H. Baker and D. O. 
Gough. 234, 232, 109-D2 (1979) 

An Investigation of Radius Anomalies among Short-Period 
Cepheids. Gordon D. Niva and Edward G. Schmidt. 234, 
245, 109-E1 (1979) 

Magnetic Cepheids. Richard Stothers . 234, 257, 109-F2 (1979) 

Infrared Spectroscopy of Mira Variables. II]. R Leonis, the 
Atomic Lines. Kenneth H. Hinkle and Thomas G. Barnes. 
234, 548, 114-D10 (1979) 

Rapid Oscillations in Cataclysmic Variables. II]. An Oblique 
Rotator in AE Aquarii. Joseph Patterson. 234, 978, 121-D10 
(1979) 


High-Frequency Stellar Oscillations. XIII. Observations of 
Apparently Quiescent White Dwarfs. James E. Hesser, 
Barry M. Lasker, and Hermann E. Neupert. 40, 577, 20-D1 
(1979) (Abstr. in 230, 983, 60-G6) 

A Photometric Investigation of RV Tauri and Yellow 
Semiregular Variables. D. W. Dawson. 41, 97, 28-A1 (1979) 
(Abstr. in 232, 330, 80-E2) 

Stars: Radio Radiation 

Coordinated Ultraviolet, Optical, and Radio Observations of 
HR 1099 and UX Arietis: Erratum. E. J. Weiler, F. N. 
Owen, B. W. Bopp, M. Schmitz, D. S. Hall, Dorothy A. 
Fraquelli, V. Piirola, M. Ryle, and D. M. Gibson. 228, 367, 
21-A4 (1979) (Orig. paper in 225, 919, 109-F8) 

Stars: R Coronae Borealis 

The Extraordinary Composition of U Aquarii. Howard E. 
Bond, R. Earle Luck, and Michael J. Newman. 233, 205, 
94-C2 (1979) 

Stars: Rotation 

Silicon Levitation in Chemically Peculiar Stars and the 
Oblique Rotator Model. Sylvie Vauclair, Johannes 
Hardorp, and Deane M. Peterson. 227, 526, 7-G10 (1979) 

On Some Aspects of Balmer-Line Formation in Rotating 
White Dwarfs. Thomas J. Kuzma. 227, 548, 8-B4 (1979) 

Magnetic Dipole Radiation from an Exploding or Collapsing 
Magnetized Rotating Spheroid. R. N. Henriksen, W. Y. 
Chau, and K. L. Chan. 227, 1013, 14-E7 (1979) 

A Numerical Technique for the Solution of Poisson's Equation 
for Flattened, Centrally Condensed Objects. Sheridan A. 
Simon. 228, 357, 20-G8 (1979) 

Sporadic Mass Ejection in Red Supergiants. Minas Kafatos 
and A. G. Michalitsianos. 228, L115, 30-B6 (1979) 

Meridional Circulation and CNO Anomalies in Red Giant 
Stars. Allen V. Sweigart and John G. Mengel. 229, 624, 
38-G8 (1979) 

Equilibrium States of Nonsynchronous Stars in Detached 
Binaries. Stephen H. Lubow. 229, 1008, 44-D5 (1979) 

Synchronous Rotation in Magnetic X-Ray Binaries. P. C. 
Joss, J. 1. Katz, and §. A. Rappaport. 230, 176, 49-G10 
(1979) 

On the Equilibrium and Secular Instability of Rapidly Rotating 
Stars. Maurice J. Clement. 230, 230, 50-D9 (1979) 

The Occurrence of Abnormal Stars in Open Clusters. Helmut 
A. Abt. 230, 485, 54-A8 (1979) 

Rotating Neutron Stars in General Relativity: Exact Solutions 
for the Case of Slow Rotation. Patrick G. Whitman and 
Joseph F. Pizzo. 230, 893, 59-G10 (1979) 

A Comparison of Turbulence in Normal and Super—Metal-Rich 
K Giant Stars. David F. Gray and Brian E. Martin. 231, 139, 
64-El (1979) 

Stellar Convection. 1. Modal Equations in Spheres and 
Spherical Shells. Philip S. Marcus. 231, 176, 64-G12 (1979) 

On the Structure and Stability of Rapidly Rotating Fluid 
Bodies in General Relativity. Il. Beyond the Angular 
Velocity Peak. E. Manning Butterworth. 231, 219, 65-C13 
(1979) 

The Dependence of Macroturbulence on Luminosity in Early 
K-Type Stars. Myron A. Smith and James F. Dominy. 231, 
477, 69-A13 (1979) 

The Evolution of Rotating Stars. III]. Predicted Surface 
Rotation Velocities for Stars which Conserve Total Angular 
Momentum. A. S. Endal and §. Sofia. 232, 531, 84-B13 
(1979) 

General Variational Principle for Normal Modes of Rotating 
Stars. Bernard F. Schutz. 232, 874, 89-DS (1979) 

Spectral Variations in £ Ophiuchi Related to Rotation? G. A. 
H. Walker, S. Yang, and G. G. Fahiman. 233, 199, 94-B7 
(1979) 

Structure and Evolution of Very Close Binary Systems. I. 
Structure Equations Including Rotational and Tidal 
Distortions and Calculations for 2, 1, and 0.65 Mc Zero-Age 
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Main-Sequence Stars. K. L. Chan and W. Y. Chau. 233, 950, 
104-Al (1979) 

On the Secular Instability from Thermal Conductivity in 
Rotating Stars. Lee Lindblom. 233, 974, 104-B11 (1979) 

Gravitational Radiation from the Homologous Oscillation of 
Compressible Newtonian Spheroids. Vincent Moncrief. 234, 
628, 115-C8 (1979) 

Stars: RR Lyrae 

On the Origin and Dynamics of the Magellanic Stream. 
William E. Kunkel. 228, 718, 22-G3 (1979) 

Pulsations of Model RR Lyrae Stars. N. H. Baker and D. O. 
Gough. 234, 232, 109-D2 (1979) 

Stars: RV Tauri 

A Photometric Investigation of RV Tauri and Yellow 
Semiregular Variables. D. W. Dawson. 41, 97, 28-A1 (1979) 
(Abstr. in 232, 330, 80-E2) 

Stars: S-Type 

A Revised Spectral Classification System in the Red for S 

Stars. Thomas B. Ake. 234, 538, 114-C9 (1979) 
Stars: Semiregular Variables 

A Photometric Investigation of RV Tauri and Yellow 
Semiregular Variables. D. W. Dawson. 41, 97, 28-A1 (1979) 
(Abstr. in 232, 330, 80-E2) 

Stars: Short-Period Variables 

Theoretical Periods and Masses of Double-Mode Dwarf 
Cepheids. Arthur N. Cox, David S. King, and Stephen W. 
Hodson. 228, 870, 28-D13 (1979) 

Stars: Spectral Classification 

The Occurrence of Abnormal Stars in Open Clusters. Helmut 
A. Abt. 230, 485, 54-A8 (1979) 

The Distance to the Large Magellanic Cloud from OB Stars. 
David Crampton. 230, 717, 57-G5 (1979) 

Numerical Taxonomy of Ap and Am Stars. Charles R. Cowley 
and Richard Henry. 233, 633, 99-E13 (1979) 

A Revised Spectral Classification System in the Red for S 
Stars. Thomas B. Ake. 234, 538, 114-C9 (1979) 

A Catalog of Parallax Stars with MK Spectral Classifications. 
Lee A. Breakiron and Arthur R. Upgren. 41, 709, 38-E1 
(1979) (Abstr. in 234, 410, 111-C8) 

Stars: Spectrum Variables 

Spectral Variations of the Helium-rich Star HD 64740. John B. 
Lester. 233, 644, 99-F11 (1979) 

Enormous Periodic Doppler Shifts in SS 433. Bruce Margon, 
Holland C. Ford, Steven A. Grandi, and Remington P. S. 
Stone. 233, L63, 101-D12 (1979) 

Stars: Stellar Dynamics 

Stellar Hydrodynamics of Thin Disk Galaxies. C. Hunter. 227, 
73, 1-F11 (1979) 

Six Collapses. R. H. Miller and B. F. Smith. 227, 407, 6-D11 
(1979) 

Dynamics of a Stellar Bar. R. H. Miller and B. F. Smith. 227, 
785, 12-A5 (1979) 

Energy Transfer in Gravitating Systems. L. Nicolaci Da Costa 
and Alan P. Lightman. 228, 543, 23-GS5 (1979) 

Motion around a Source Whose Luminosity Changes. II. 
Stochastic Scattering, Accretion, and Ejection. William C. 
Saslaw. 228, 555, 24-A3 (1979) 

N-Body Simulations of Galaxy Clustering. I. Initial Conditions 
and Galaxy Collapse Times. Sverre J. Aarseth, J. Richard 
Gott III, and Edwin L. Turner. 228, 664, 22-B13 (1979) 

N-Body Simulations of Galaxy Clustering. II. Groups of 
Galaxies. Edwin L. Turner, Sverre J. Aarseth, J. Richard 
Gott Ill, N. Taylor Blanchard, and Robert D. Mathieu. 228, 
684, 22-D9 (1979) 

On the Origin and Dynamics of the Magellanic Stream. 
William E. Kunkel. 228, 718, 22-G3 (1979) 

Intermediate-Band Photometry of Late-Type Stars. VIII. 
Nonvariable Stars in the Halo Population near the Sun. O. J. 
Eggen. 229, 158, 32-G9 (1979) 

The Efficiency of Galaxy Formation and Gravitational 


Clustering. William C. Sasiaw. 229, 461, 37-A10 (1979) 

A Variational Principle for the Even-Parity Perturbations of 
Spherically Symmetric Star Clusters in General Relativity. 
James R. Ipser and Roberto Semenzato. 229, 1098, 45-C11 
(1979) 

A Binary Model for the Coma Cluster of Galaxies. Mauri J. 
Valtonen and Gene G. Byrd. 230, 655, 57-B7 (1979) 

Persistence of Gaseous Warps. Allan D. Tubbs and Robert H. 
Sanders. 230, 736, 58-B8 (1979) 

Luminosity and Motion of Large Proper-Motion Stars. I. Stars 
with Annual Proper Motion Larger than 1”. O. J. Eggen. 
230, 786, 58-F11 (1979) 

The Dynamical Nature of Compact Groups of Galaxies. James 
A. Rose. 231, 10, 63-A13 (1979) 

Orbital Decay and Accretion of M32 by M31. Gene G. Byrd. 
231, 32, 63-C10 (1979) 

Mass-to-Light Ratios of Two Compact Groups of Galaxies. 
James A. Rose and J. A. Graham. 231, 320, 67-C6 (1979) 
Stellar Dynamics in Thin Disk Galaxies. II. Stellar 
Hydrodynamic Equations. Robert H. Berman and James 

W-K. Mark. 231, 388, 68-B8 (1979) 

Dynamical Effects on Binary X-Ray Sources in Dense Stellar 
Clusters. J. Michael Shull. 231, 534, 69-F1 (1979) 

Isolating Integrals of the Motion for Stellar Orbits in a Rotating 
Galactic Bar. Peter O. Vandervoort . 232, 91, 78-A1 (1979) 

A Numerical Model for a Triaxial Stellar System in Dynamical 
Equilibrium. Martin Schwarzschild. 232, 236, 79-D12 (1979) 

Kinematics, Close Binary Evolution, and Ages of the O Stars. 
Ronald C. Stone. 232, 520, 84-B1 (1979) 

The Problem of Maximizing Functionals in Newtonian Stellar 
Dynamics, and its Relation to Thermodynamic and 
Dynamical Stability. James R. Ipser and Gerald Horwitz. 
232, 863, 89-C8 (1979) 

Density Wave Induced Star Formation: The Optical Surface 
Brightness of Galaxies. Frank N. Bash. 233, 524, 98-D4 
(1979) 

Late Core Collapse in Gravitating Systems. L. Nicolaci Da 
Costa and Carlton Pryor. 233, 694, 100-C6 (1979) 

The Excitation of Density Waves at the Lindblad and 
Corotation Resonances by an External Potential. Peter 
Goldreich and Scott Tremaine. 233, 857, 103-A1 (1979) 

On the Nonexistence of Three-dimensional Tube Orbits 
around the Intermediate Axis in a Triaxial Galaxy Model. 
Gary Heiligman and Martin Schwarzschild. 233, 872, 
103-B2 (1979) 

Star Clusters Containing Massive, Central Black Holes. II. 
Self-consistent Potentials. Alan B. Marchant and Stuart L. 
Shapiro. 234, 317, 110-C6 (1979) 

Ejection of a Runaway Planetary Nebula from M32. Gene G. 
Byrd. 234, 481, 113-F2 (1979) 

Numerical Integration of the Fokker-Planck Equation and the 
Evolution of Star Clusters. Haldan Cohn. 234, 1036, 122-BS 
(1979) 


Stars: Stellar Statistics 


Subdwarfs. II. The Missing Halo-Population K Subdwarfs. M. 
S. Bessell and D. T. Wickramasinghe. 227, 232, 3-ES (1979) 

The Rate of Formation of Neutron Stars in the Galaxy 
Estimated from Stellar Statistics. A. S. Endal. 228, 541, 
23-G3 (1979) 

A Statistical Model for the Initial Stellar Mass Function. 
Joseph Silk and Takamasa Takahashi. 229, 242, 33-F13 
(1979) 

Large-Scale Distribution of Galactic X-Ray Sources. obert 
Rothenflug, Robert Rocchia, and Michel Cassé. 229, 669, 
39-D1 (1979) 

The Occurrence of Abnormal Stars in Open Clusters. Helmut 
A. Abt. 230, 485, 54-A8 (1979) 

Limits on the Number of Faint Quasars. Thomas J. Bohuski 
and Daniel W. Weedman. 231, 653, 72-A12 (1979) 

On the Rate of Formation of White Dwarfs in Clusters. R. 
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Ultraviolet: Spectra—Continued 

JUE and Visual Spectrophotometry of 3C 120 and Markarian 
79. J. B. Oke and B. Zimmerman. 231, L13, 66-C12 (1979) 

Evidence for Continuum Absorption above the Quiet Sun 
Transition Region. E. J. Schmahl and F. Q. Orrall. 231, 
L41, 66-E7 (1979) 

Lyman-Alpha Observations of Comet Kobayashi-Berger- 
Milon (1975 LX) with Copernicus. M. Festou, E. B. Jenkins, 
H. U. Keller, E. S. Barker, J. L. Bertaux, J. F. Drake, and 
W. L. Upson II. 232, 318, 80-D2 (1979) 

The Lyman-a Observations of Comet Kohoutek from Mariner 
10. S. Kumar, J. Holberg, A. L. Broadfoot, and M. J. S. 
Belton. 232, 616, 85-B3 (1979) 

A Comparison of High-Temperature Flare Models with 
Observations and Implications for the Low-Temperature 
Flare. Marcos E. Machado and A. Gordon Emslie. 232, 903, 
89-F6 (1979) 

Extreme-Ultraviolet Limb Spectra of a Prominence Observed 
from Skylab. John T. Mariska, G. A. Doschek, and U. 
Feldman. 232, 929, 90-A4 (1979) 

UE Observations of 32 Cygni: The Effects of the B Star within 
the Upper Chromosphere of a Late-Type Supergiant. Robert 
E. Stencel, Yoji Kondo, Andrew P. Bernat, and George E. 
McCluskey. 233, 621, 99-E1 (1979) 

The Energy Balance and Pressure in the Solar Transition Zone 
for Network and Active Region Features. K. R. Nicolas, 
J.-D. F. Bartoe, G. E. Brueckner, and M. E. VanHoosier. 
233, 741, 100-F12 (1979) 

/UE Observations of Gas Stream Effects in the Ultraviolet 
Spectrum of U Cephei. Yoji Kondo, George E. McCluskey, 
and Robert E. Stencel. 233, 906, 103-D11 (1979) 

Ultraviolet Spectroscopy of the Extreme B Supergiants P 
Cygni and ¢' Scorpii. J. B. Hutchings. 233, 913, 103-E4 
(1979) 

Simultaneous Ultraviolet and X-Ray Observations of the 
Massive Binary V861 Scorpii 1653-407). R.S. 
Polidan, W. R. Oegerle, G. S. G. Pollard, P. W. Sanford, 
and A. N. Parmar. 233, L7, 96-D7 (1979) 

The Spectrum of the Diffuse Cosmic Ultraviolet Background. 
R. C. Anderson, W. H. Brune, R. C. Henry, P. D. Feldman, 
and W. G. Fastie. 233, L39, 101-C2 (1979) 

Chromospheres of the Active Dwarf Binaries EQ Pegasi andé 
Bootis. L. Hartmann, R. Davis, A. K. Dupree, J. Raymond, 
P. C. Schmidtke, and R. F. Wing. 233, L69, 101-E4 (1979) 

High-Pressure Transition Regions in Stellar Model 
Chromospheres. S. L. Baliunas, E. H. Avrett, L. Hartmann, 
and A. K. Dupree. 233, L129, 105-E12 (1979) 

Skylab Observations of the Alt Autoionization LinesA 1932 and 
A1936 during a Solar Flare. J. W. Cook. 234, 378, 110-Gi2 
(1979) 

New Observations of Interstellar Abundances and Depletions 
of Boron, Vanadium, Chromium, and Cobalt. Theodore P. 
Snow, Jr., Edward J. Weiler, and William R. Oegerle . 234, 
506, 114-A5 (1979) 

The Effective Temperature, Radius, Rate of Mass Loss, and 
Luminosity of P Cygni, HD 190603, « Cassiopeiae, and p 
Leonis. Anne B. Underhill. 234, 528, 114-B13 (1979) 

Outer Atmospheres of Cool Stars. Il. Mg 1 Flux Profiles and 
Chromospheric Radiative Loss Rates. Gibor S. Basri and 
Jeffrey L. Linsky. 234, 1023, 122-A3 (1979) 

X and UV Radiation from Accreting Magnetic Degenerate 
Dwarfs. D. Q@. Lamb and A. R. Masters. 234, L117, 117-D5 
(1979) 

HD 149499 B: The Hottest White Dwarf? J. D. Wray, S. B. 
Parsons, and K. G. Henize. 234, L187, 123-F14 (1979) 

An Analysis of the Far-Ultraviolet Spectra of the Pole-on Be 
Stars v Cygni and yw Centauri. Geraldine J. Peters. 39, 175, 
4-G1 (1979) (Abstr. in 227, 695, 9-E13) 

Ultraviolet Photometry from the Orbiting Astronomical 
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Observatory. XXXII. An Atlas of Ultraviolet Stellar 
Spectra. A. D. Code and M. R. Meade. 39, 195, 5-B2 (1979) 
(Abstr. in 227, 694, 9-E12) 

Chromospheric Oscillations Observed with OSO 8. I. Basic 
Measurements and Analytical Methods. O. R. White and R. 
Grant Athay . 39, 317, 7-C1 (1979) (Abstr. in 228, 365, 21-A2) 

Chromospheric Oscillations Observed with OSO 8. II. 
Average Power Spectra for Siu. R. Grant Athay and O. R. 
White. 39, 333, 7-E1 (1979) (Abstr. in 228, 366, 21-A3) 

Chromospheric Oscillations Observed with OSO 8. Ill. 
Average Phase Spectra for Si u. O. R. White and R. Grant 
Athay. 39, 347, 7-F1 (1979) (Abstr. in 228, 366, 21-A3) 

A Survey of Ultraviolet Circumstellar Absorption Lines in the 
Spectra of Early Be and Shell Stars. Theodore P. Snow, Jr., 
Geraldine J. Peters, and Robert D. Mathieu. 39, 359, 7-G1 
(1979) (Abstr. in 228, 365, 21-A2) 

A Copernicus Survey of Mg u Emission in Late-Type Stars. 
Edward J. Weiler and William R. Oegerle. 39, 537, 10-E1 
(1979) (Abstr. in 228, 950, 29-C9) 

The Ultraviolet Flux Distribution of a? Canum Venaticorum. 
David S. Leckrone and M. A. J. Snijders. 39, 549, 10-F2 
(1979) (Abstr. in 228, 949, 29-C8) 

XUV Electron Density Diagnostics tor Solar Flares. K. P. 
Dere, H. E. Mason, K. G. Widing, and A. K. Bhatia. 40, 
341, 17-A2 (1979) (Abstr. in 230, 288, 51-A12) 

The Peculiar A Star y Equulei: A Line Identification Study of 
3086-3807. Saul J. Adelman, William P. Bidelman, and 
Diane M. Pyper. 40, 371, 17-D1 (1979) (Abstr. in 230, 288, 
51-A12) 

The 3200-3600 A Region of the Spectrum of Arcturus. G. 
Griffin and R. F.. Griffin. 41, 631, 36-F2 (1979) (Abstr. in 233, 
766, 101-All) 


W Virginis Stars: see Stars: Cepheids 


X-Rays: Binaries 

Interstellar Extinction and Ultraviolet Flux Distribution of 
Scorpius X-1. Chi-Chao Wu. 227, 291, 4-B8 (1979) 

Long-Term Studies with the Arie! 5 ASM. 1. Hercules X-1, 
Vela X-1, and Centaurus X-3. S. S. Holt, L. J. Kaluzienski, 
E. A. Boldt, and P. J. Serlemitsos. 227, 563, 8-C6 (1979) 

Continuum Optical Pulsation from the Companions of Binary 
X-Ray Pulsars. Thomas J. Chester. 227, 569, 8-C12 (1979) 

X-Ray Spectra of X Persei. R. H. Becker, E. A. Boldt, S. S. 
Holt, 8. H. Pravdo, J. Robinson-Saba, P. J. Serlemitsos, 
and J. H. Swank. 227, L21, 5-B7 (1979) 

A0535+26: Refined Position Measurement and New Pulse 
Period Data. F. Li, S. Rappaport, G. W. Clark, and J. G. 
Jernigan. 228, 893, 28-F8 (1979) 

Has a 97 Minute Periodicity in 4U 1700—37/HD 153919 Really 
Been Discovered? G. Hammerschlag-Hensberge, H. F. 
Henrichs, and J. Shaham. 228, L75, 25-C3 (1979) 

X-Ray and UV Radiation from Accreting Nonmagnetic 
Degenerate Dwarfs. N. D. Kylafis and D. Q. Lamb. 228, 
L105, 30-A10 (1979) 

Optical Pulsations from 4U 0900—40: Do They Exist? Jerry 
Nelson, France Cérdova, and John Middleditch. 229, 294, 
34-C10 (1979) 

On the Period andA4860 Light Curve of Cygnus X-1. Edward 
F. Guinan, J. David Dorren, M. Javad Siah, and Robert H. 
Koch. 229, 296, 34-C 12 (1979) 

Structured Coronae of Accretion Disks. A. A. Galeev, R. 
Rosner, and G. S. Vaiana. 229, 318, 34-E6 (1979) 

Centaurus X-3. J. B. Hutchings, A. P. Cowley, D. Crampton, 
J. van Paradijs, and N. E. White. 229, 1079, 45-B6 (1979) 

The Effect of Reflected X-Rays on X-Ray Pulsar Timing 
Observations. Thomas J. Chester. 229, 1085, 45-B12 (1979) 

The Period Derivative of Cygnus X-3. R. C. Lamb, R. G. 
Dower, and R. K. Fickle. 229, L19, 36-D5 (1979) 
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Synchronous Rotation in Magnetic X-Ray Binaries. P. C. 
Joss, J. 1. Katz, and §. A. Rappaport. 230, 176, 49-G10 
(1979) 

Improved Infrared Observations of AM Herculis. Peter Young 
and Donald P. Schneider. 230, 502, 54-B11 (1979) 

The Physical Properties and Orbital Parameters of the BO la 
Star HD 152667= V861 Scorpii: A Supergiant with a Black 
Hole Companion? Sidney C. Wolff and Charles A. 
Beichman. 519, 54-D2 (1979) 

High-Energy X-Ray Spectra of Cygnus XR-1 Observed from 
OSO 8. J. F. Dolan, C. J. Crannell, B. R. Dennis, K. J. 
Frost, and L. E. Orwig. 230, 551, 54-F7 (1979) 

The Bizarre Spectrum of SS 433. Bruce Margon, Holland C. 
Ford, Jonathan I. Katz, Karen B. Kwitter, Roger K. Ulrich, 
Remington P. S. Stone, and Arnold Klemola. 230, L41, 
51-E13 (1979) 

Further Spectroscopic Observations of HD 153919 (3U 
1700—37). John B. Lester. 231, 164, 64-F13 (1979) 

The Behavior of Ha in the X-Ray Binary HD 152667. Philip 
Massey, Peter S. Conti, Geraldine J. Peters, and Jan 
Dobias. 231, 171, 64-G7 (1979) 

Dynamical Effects on Binary X-Ray Sources in Dense Stellar 
Clusters. J. Michael Shull. 231, 534, 69-F1 (1979) 

The Halo Population X-Ray Source Cygnus X-2. A. P. 
Cowley, D. Crampton, and J. B. Hutchings. 231, 539, 69-F6 
(1979) 

The High-Energy Pulsed X-Ray Spectrum of Hercules X-l as 
Observed with OSO 8. G. S. Maurer, B. R. Dennis, M. J. 
Coe, C. J. Crannell, E. P. Cutler, J. F. Dolan, K. J. Frost, 
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have strongly affected nucleosynthesis in particular. 
The expansion time in a charge-dominated cosmology 
is proportional to (1 + Z)~* (cf. eq. [A19]; Z = red- 
shift) in the early history of the universe; the expansion 
time is proportional to (1 + Z)~? in a standard 
radiation-dominated universe. Hence the universe may 
spend much less time at a given Z in the charge- 
dominated picture than in standard cosmologies. This 
effect is important for element production, as will be 
discussed below. In principle, the electrons (say) that 
produce the net charge surplus might also influence 
nucleosynthesis by direct interaction with other par- 
ticles. However, an electron surplus large enough to be 
cosmologically significant, even at present, would 
probably represent a negligible fraction of the mass 
(but not energy) in the universe; the number of surplus 
electrons would be tiny in comparison with the number 
of electrons whose charge is balanced by protons and 
nuclei. The ratio of surplus to “ordinary” electrons 
could not have been larger in the past (because charge 
must be conserved), so it is implausible that the surplus 
charges could have strongly modified nucleosynthesis 
by direct interaction with other particles. 

We now consider how a charge-dominated universe 
may indirectly modify element production by changing 
the expansion time. The curve S of Figure 3 gives the 
expansion time as a function of Z in a “standard” 
big-bang cosmology that is matter-dominated for Z « 
10*, and radiation-dominated for Z > 10*. Varying 
assumptions about the present matter density of the 
universe, Hubble’s constant, etc., would change this 
curve slightly, but the differences would be of no im- 
portance for the present discussion. Modifications of 
the standard cosmology by the presence of a charged 
background are represented in Figure 3 by dashed 
lines. These lines are parametrized by 


X = logy [W*(present)/M*(ref)] , 


where *(ref) is the value of the charge density 
required to give a Proca energy density equal to the 
present mass density of the universe [clearly “*(ref) 
depends on J]. Thus ¥ = 0 represents a universe that 
has always been charge-dominated, X¥ = 5 represents 


one that was charge-dominated before Z ~ 10*, and 
X = —10represents charge domination before Z ~ 10°. 

In the conventional big bang, nucleosynthesis is sup- 
posed to occur at Z ~ 10°-10'° (e.g., see Peebles 1971; 
Schramm and Wagoner 1977; and references therein). 
The first step in element production is the formation of 
deuterium by fusion of protons and neutrons. The time 
scale for this process (curve D of Fig. 3) is roughly 
proportional to (1 + Z)~*. Curve D is thus roughly 
parallel to the charge-dominated expansion-time curves 
of Figure 3, and the expansion time is shorter than 
the deuterium production time at all relevant Z unless 
X < —8. The cosmological production of deuterium, 
and hence of helium and all other heavier elements, is 
precluded if M*(present)/4*(ref) > 10-®. The con- 
ventional big-bang scenario requires thermal equi- 
librium before Z ~ 10°, and in particular the universe 
is opaque to the absorption of neutrinos by nucleons 


X= logyg (4° (ref) 
S = STANDARD MODEL 
N: 


D: p+n-d+y 
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Fic. 3.—Comparison of time scales. The solid curve S gives 
the expansion time for a typical “‘standard cosmology” as a 
function of redshift Z; this cosmology is matter-dominated for 
Z « 10* and radiation-dominated for Z > 10*. The dashed 
lines represent the modification of this cosmology by nonzero 
background charge; these lines are parametrized by 
logio [4 *(present)/ *(ref)], where /*(ref) is the charge 
density required to give a present Proca energy density equal 
to the matter energy density [clearly “*(ref) depends on yp]. 
The curve D gives the time scale for deuterium production by 
the process p + n-—>d + y, and curve WN gives the time scale 
for the neutrino absorption process + n—>p 


at this epoch. Curve N of Figure 3 represents an 
approximate calculation of the time scale for the process 
v. +n—>p + e~ (the time scale for the analogous 7, 
p absorption is comparable). For equilibrium at Z = 
10'°, X¥ must be smaller than — 12. Hence for nucleo- 
synthesis to proceed as in the normal big-bang scenario, 
AN *(present) must be smaller than 10-17. *(ref). For 


10-1? « W*(present)/W *(ref) « 10-*, 


nucleosynthesis would proceed in some way that would 
have to be determined by detailed calculations. For 
MN *(present)/4*(ref) > 10~®, nucleosynthesis would 
not take place at all. 

If one accepts the arguments favoring cosmological 
nucleosynthesis (reviewed by Schramm and Wagoner 
1977), ome must conclude that W*(present) « 
10-®°A*(ref) and that the universe could not have 
been charge-dominated for Z much smaller than i0°. 
It would then follow that the charged background has 
no bearing on the present-day expansion of the 
universe; moreover, if M*(present) « *(ref), 
the charged background would have been unimportant, 
even at the epoch of nucleosynthesis. 


Vol. 227 
20 
\ 
\ 
\ 
V — 
10 \ 
\ \ 
\ 
? 
\ \ *, 
No 
2 
3 \ \ 
\ \ Ne 
\ \ 
7 \ 4 s 
\ \ 
\ 
&=-10 
/ 
\ X=-5 
\ 
\ 
1 
MI 
i 


No. 1, 1979 


Another constraint on models of this type follows 
from the thermal character of the 3 K background 
radiation (J. Barrow, private communication). It is 
widely thought that Compton scattering of photons on 
electrons before the epoch of recombination is the 
mechanism that brought matter and radiation into 
thermal equilibrium. Since the Compton scattering 
cross section is less than or equal to the Thomson 
cross section oy at all energies (Heitler 1954), matter 
and radiation could never have reached equilibrium 
unless at some epoch the expansion time had been 
much larger than (noge)~! oc (1 + Z)~*. But in the 
charge-dominated cosmology the expansion time itself 
scales as (1 + Z)~*; and since the required inequality 
is not satisfied at the present epoch, a universe that is 
charge-dominated at present would have expanded too 
rapidly for thermalization ever to have occurred. An 
elementary calculation shows that thermalization re- 
quires that the universe was not charge-dominated 
after Z ~ 10-300, so that < 10-4 to 
10-*. Although this constraint is much less stringent 
than those derived from considerations of nucleo- 
synthesis, its empirical foundations are firmer. 

Even if the universe were charge-dominated only 
before the epoch of nucleosynthesis, the charge density 
could still have exerted a major influence on the evolu- 
tion of the universe. During the charge-dominated 
epoch the dominant energy density of the universe is 
characterized by a pressure = energy density equation 
of state. Such an equation of state has been suggested 
as solving some of the difficulties related to inhomo- 
geneities and entropy production in the early universe 
(Zel'dovich 1972; Barrow and Matzner 1977; Barrow 
1977, 1978). If the universe were charge-dominated 
before, say, Z = 10'*, the p = & condition would have 
obtained, but the expansion would not have been 
charge-dominated at Z = and nucleosynthesis 
would proceed as in the conventional picture. 


IV. SUMMARY 


The novel cosmology discussed above is based on 
Proca’s generalization of electrodynamics, for which 
the inverse Compton wavelength » of the photon is 
nonzero. Because p» # 0 is not consistent with gauge 
invariance, Proca’s electrodynamics is aesthetically 
defective in the eyes of many theoretical physicists. 
However, the only certain statements about the value 
of » that can be made must be based on experiment. 
Currently one can be sure that » < 2 x 107?4.cm™}, 
and a strong case can be made that » < 107-'!*cm-?. 
Considerations based on galactic or intergalactic 
magnetic ficlds may ultimately give much smaller 
limits on p. 

It was shown in § II that the Proca field equations 
admit solutions with spatially uniform, nonzero charge 
density, and zero electric and magnetic fields (eq. [9]). 
The requirement of conventional electrodynamics that 
plasmas be electrically neutral, which is a consequence 
of the fact that the electric field in a static plasma must 
be small, is replaced by the requirement that the net 
charge density in a plasma must be spatially uniform. 
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Direct observational constraints on the charge density 
of the intergalactic medium are weak. For example, no 
direct observations would exclude a pure-electron 
IGM less dense than ~10~* electrons cm~* (recail 
that a gas of identical particles emits no dipole 
bremsstrahlung). 

A charged intergalactic medium would, in principle, 
influence cosmology through the energy due to the rest 
mass of the particles comprising the intergaiactic 
medium, or through the energy stored in the electro- 
static potential. The latter energy, whose density 6 = 
p?$?/82r, turns out to be dominant for charge densities 
large enough to have cosmological importance. It 
follows from the field equation (9) that & « (%/)?, 
where e.¥, is the charge density. One is thus led to 
the remarkable conclusion that the smaller yp is, the 
smaller the charge density required for a given energy 
density becomes. This can be understood intuitively 
by considering that the energy required to assemble a 
given charge configuration increases as the range of 
the clectrostatic force increases (see § II). As long as 
only upper limits on » are known, one cannot deter- 
mine whether a given value of “%, would produce 
cosmologically interesting effects. If, on the other 
hand, a definite nonzero value of » were established by 
some experiment, observational values of, or upper 
limits on %,, could, in principle, confirm or deny 
significant cosmological effects of the background 
charge. 

Since »—>0 gives Maxwell’s electrodynamics, we 
are confronted with a paradox. As long as we have 
only upper limits on y, i.e., as long as all experiments 
are consistent with Maxwell’s electrodynamics, no 
observational evidence on 4, can show that a charged 
intergalactic medium does not dominate the expansion 
of the universe! Only if it can be shown by experiment 
that » ¥ 0,i.e., that Maxwell’s electrodynamics breaks 
down at some large but finite length scale, can 
measurements on 4, determine whether a charged 
IGM is cosmologically important. The problem can be 
stated in another way: Maxwell’s electrodynamics, and 
indeed any theory that insists on gauge invariance, can 
never be shown to be valid on the scale of the universe. 
If this were not so, it would in effect be possible to 
measure distances larger than the light horizon, or 
equivalently, to measure a small mass more precisely 
than the uncertainty principle permits (de Broglie 
1954; Goldhaber and Nieto 1971). - 

A general-relativistic model of a homogeneous, 
isotropic universe with charged intergalactic medium 
was analyzed in § III; the cosmological constant was 
assumed to be zero. The cosmological model is charac- 
terized by the scale factor R(t), and is completely 
determined by the Hubble constant HM, and decelera- 
tion parameter go. These parameters are related to p 
and the present background charge density by equation 
(21): 


In this particular cosmology the universe is closed if 
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qo > 2, and open otherwise. Thus, if a charged IGM 
dominates cosmology at the present epoch, observa- 
tional limits on gp imply that the universe is open or 
just marginally closed (Gott er a/. 1974). Observational 
constraints on go and H, limit the acceptable range of 
M,/4; unfortunately, present upper limits on » do not 
seriously constrain , (Fig. 1). For example, the 
conservative upper limit on » (Davis, Goldhaber, and 
Nieto 1975) gives 4 < 10~° cm~°, and the plausible 
upper limit on » from Crab Nebula observations 
(Barnes and Scargle 1975) gives W, < 10-?°cm~*. 
Such tiny charge densities are not likely to be ruled out 
by observation in the near future. 

A second constraint on the cosmology comes from 
the age of the universe (Fig. 2). Acceptable ages are 
found for a wide range of qo if Ho is as small as 30 km 
s~' Mpc~?. Higher values of H, reduce the range of go 
compatible with the age limits, and no value of qo gives 
reasonable ages if H, is as high as 120 km s~* Mpc™?. 
Similar conclusions follow from age constraints applied 
to conventional Friedmann cosmologies (Gott er al. 
1974). 

A charged intergalactic medium could represent a 
net excess of, say, electrons in the universe. The 
number of electrons required to produce a cosmologic- 
ally significant charge density is probably tiny in com- 
parison with the number of electrons whose charge is 
balanced by protons. The ratio of surplus to ordinary 
electrons could not have been larger in the past, since 
charge must be conserved. It is therefore unlikely that 
the surplus charges could have had a major, direct 
effect on nucleosynthesis in the early universe. On the 
other hand, because charge is conserved, energy density 
Ea WN? «x R~®, so that if 4, is not identically zero, 
the charged background would have dominated the 
expansion of the universe before some early epoch (if it 
does not dominate now). Thus the charged back- 
ground could have influenced nucleosynthesis in- 
directly, by dominating the time scale of expansion. 

If the universe were charge-dominated at present, it 
would have expanded much faster in its early history 
than conventional cosmologies predict [f oc (1 + Z)~* 
in a charge-dominated cosmology, to (1 + Z)~?ina 
radiation-dominated cosmology]. The expansion would 
have been too fast for cosmological nucleosynthesis to 
occur, as discussed in § III. Hence if one accepts the 
conventional picture of element production in the early 
universe, One must conclude that the universe could 
not have been charge-dominated after Z ~ 10*°. This 
condition gives a constraint on the present-day charge 
density: it could not be much larger than about 10~? 
of what would be needed to close the present universe. 
Similar arguments involving the time scale for thermal- 
ization of the 3 K background radiation require that 
the universe was not charge-dominated after Z ~ 10- 
300; this limit is weaker than those obtained from 
nucleosynthesis arguments, but does not require as 
great an extrapolation from observation. 

Even if the charge density is smaller than the 
nucleosynthesis limit, but nonzero, it would have 
dominated the expansion at some epoch before 
nucleosynthesis. It has been suggested that an equation 
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of state with pressure = energy density could solve 
certain difficulties that arise in reconciling observations 
with inhomogeneities and entropy production at early 
epochs (Zel’dovich 1972; Barrow and Matzner 1977; 
Barrow 1977, 1978). It is remarkable that a nonzero 
charge density automatically leads to this equation of 
state at some early epoch. For a suitably low present 
charge density the desired equation of state would 
hold at early epochs, but not as late as Z = 10*°, so 
that nucleosynthesis could go on according to the usual 
scenario. 

A final point of interest is closely related to the fact 
that, given only an upper bound on yp, an observational 
value or limit on %, does not determine whether a 
charged background is of cosmological significance. 
Strictly speaking, it can never be established that 
u = 0, since at any epoch ¢ the uncertainty principle 
proscribes measurements of an inverse length much 
smaller than (ct)~? (de Broglie 1954; Goldhaber and 
Nieto 1971); in an expanding universe, the precision 
with which Maxwell’s equations can be verified in- 
creases with time! Since » is a constant of nature, 
there must have been some epoch Zy, such that Max- 
well’s equations were valid for all possible experiments 
[u « (et)~*] for all redshifts Z > Z,,; certainly Zy, = 0 
(the present) cannot be excluded. On the other hand, 
the Proca energy density varies as (1 + Z)® and, unless 
MN, is strictly zero, would have been much larger than 
the matter and radiation energy densities for all Z 
greater than some Zp. Observed values of the Hubble 
constant, deceleration parameter, and age of the 
universe are consistent with Zp = 0, but a conven- 
tional cosmological nucleosynthesis scenario would 
require Zp > 10*°. In any case, if W, # 0, there must 
have been an epoch Z > max (Zy, Zp) at which (1) 
the expansion of the universe was dominated by the 
charged background, but (2) all local experiments were 
consistent with Maxwell’s theory (« = 0)! The role of 
the charge background would have been vaguely 
analogous to that of the cesmological constant in some 
cosmologies, and would appear in local electrodynamics 
only as a constant additive term in the electrostatic 
potential. If for some reason the arguments for cos- 
mological helium or deuterium production turn out to 
be incorrect, this paradoxical epoch could conceivably 
include the present. 

The essence of the paradox is that, while the 
possibility of a charged background is a direct conse- 
quence of » # 0, the strongest cosmological effects of 
a charged background would occur when the uncer- 
tainty principle precludes measurement of pu. For ex- 
ample, it could be argued that it would be possible in 
principle to measure the background charge density 
and the cosmological variables H and q during the 
paradoxical epoch; the measured values would then 
imply the value of » (eq. [21]), apparently contradicting 
the uncertainty principle. One might argue that the 
uncertainty principle, derived as it was from an essen- 
tially microscopic viewpoint, does not apply over 
cosmological scales; however, there seems to be no 
obvious justification for such a contention. A more 
satisfactory resolution would be to show that the 
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background charge density cannot be determined 
unambiguously unless can be measured independently. 

The latter viewpoint is supported by the following 
line of reasoning. Suppose the background charge con- 
sists entirely of electrons. Suppose that, during an epoch 
when (ct)~! > w, an apparatus designed to detect 
electrons and other familiar charged particles is em- 
ployed to measure the intergalactic charge density. 
Under our assumptions, the instrument would measure 
a number density W,, of electrons and no other charged 
particles whatever. On the other hand, a second 
apparatus designed to detect electric fields would find 
that E = 0 everywhere. The experimenter could then 
conclude either that (1) there is a net charge imbalance 
with zero electric field, and that therefore Maxwell’s 
equations are violated, or that (2) Maxwell’s equations 
are valid but that there is an as yet undetected, positive, 
background charge canceling the electron charge. 
Further experiments aimed at confirming or denying 
the existence of a neutralizing positive background 
could be conducted. Scattering of, say, neutrons would 
give a null result; hence it would be concluded that the 
putative positive background is not subject to the 
strong interaction. A similar conclusion could be 
reached (at least in principle) for weak-interaction 
experiments. Scattering of charged particles would 
show that the positive charge could not be strongly 
localized, but would have to be smeared out fairly 
uniformly—a sort of “charged ether.” 

While the putative positive background might be 
inert to strong and weak interactions, it would have to 
respond to gravity. In fact, it turns out (Appendix B) 
that during the paradoxical epoch all gravitational 
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APPENDIX A 
GENERAL-RELATIVISTIC COSMOLOGY WITH CHARGED INTERGALACTIC MEDIUM 


Assume that the universe is homogeneous and isotropic. In a comoving reference frame the coordinate system 
may be chosen so that the metric is given by the line element 


dx,dx; 
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experiments on the charged background would have 
two equally valid interpretations: (1) there is a net 
charge to the universe carried by ponderable matter 
(e.g., electrons) governed by Proca electrodynamics; 
or (2) the charge of the ponderable matter is canceled 
by a charged ether that behaves as an ideal gas whose 
pressure = energy density, and Maxwell’s equations 
are valid. Only when the universe has expanded enough 
that » can be measured directly can it be determined 
that the apparent ether does not behave like an ideal 


s. 

Let us return to the paradox. If the cosmological 
variables H and g could be determined during the 
paradoxical epoch, the mean energy density of the 
universe could be inferred. If the mean charge density 
of ponderable matter were measured, the assumption 
that the charge produces the cosmological energy 
density under Proca electrodynamics would imply a 
value of 1, in apparent contradiction of the uncertainty 
principle. However, all observations could be explained 
equally well by the presence of a neutralizing charged 
ether with the properties of an ideal gas; the cosmo- 
logical energy density could be interpreted as the 
energy density of the ether. This second viewpoint does 
not involve p at all. The second viewpoint could be 
repudiated only when the universe had expanded 
enough that direct measurement of » was allowed by 
the uncertainty principle. 
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(i, j = 1, 2, 3) (Al) 


(e.g., Robertson and Noonan 1968); here kK = 0 or +1, and R(t) characterizes the scale of the universe. The metric 


tensor is thus 
800 = 


= 9 1, 2, 3) 


gy = R%t)3, / (1 + 41 = 1,2,3). (A2) 


A charged background medium with no electric or magnetic field yields the stress-energy tensor 
where the part due to electromagnetic potentials (cf. eq. [14]) is 


= Tag? = (AgAy — 4800414) (A4) 


and the part due to the charged matter itself is 


Tus" = (Pu + + PuBas » (A5) 


